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ﻣﻠﺨﺺ  ﺍﻟﺮﺳﺎﻟﺔ 
ﺍﻻﺳﻢ:   ﺇﻳﻬﺎﺏ ﻫﺸﺎﻡ ﺍﻟﺴﺮﻛﺠﻲ 
  ﺟﺪﺍﻭﻝ ﺍﻟﺒﺤﺚ ﻟﻤﻌﺎﻣﻞ ﺍﻟﻀﺮﺏ ﻟﻔﻘﺪ ﺍﻟﻀﻐﻂ ﺍﻻﺣﺘﻜﺎﻛﻲ ﺛﻨﺎﺋﻲ ﺍﻟﺤﺎﻟﺔﻋﻨﻮﺍﻥ ﺍﻟﺮﺳﺎﻟﺔ: 
ﺍﻟﺘﺨﺼﺺ:   ﺍﻟﻬﻨﺪﺳﺔ ﺍﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ  
 ﻡ( 2102 ﻫـ - )ﻣﺎﻳﻮ 3341ﺗﺄﺭﻳﺦ ﺍﻟﺘﺨﺮﺝ:  ﺟﻤﺎﺩﻯ ﺍﻵﺧﺮﺓ 
 
 ﺑﻨﺎء ﺟﺪﺍﻭﻝ ﺍﻟﺒﺤﺚ ﻟﻠﺘﻨﺒﺆ ﺑﻤﻌﺎﻣﻞ ﻓﻘﺪﺍﻥ ﺍﻟﻀﻐﻂ ﺍﻻﺣﺘﻜﺎﻛﻲ ﻟﻠﻤﻮﺍﺩ ﺛﻨﺎﺋﻴﺔ ﺍﻟﺤﺎﻟﺔ. ﻫﺬﺍ ﺍﻟﺘﻨﺒﺆ ﺍﻟﺪﻗﻴﻖ ﺗﻢ ﻓﻲ ﻫﺬﺍ ﺍﻟﺒﺤﺚ
. ﻳﻮﺟﺪ ﻫﻨﺎﻙ ﻋﺪﺩ ﻛﺒﻴﺮ ﻣﻦ ﺍﻟﺘﻨﺒﺆﺍﺕ OL2Φﻳﺘﻄﻠﺐ ﻣﻌﺮﻓﺔ ﻣﺎ ﻳﺴﻤﻰ ﺑﻤﻌﺎﻣﻞ ﻓﻘﺪﺍﻥ ﺍﻟﻀﻐﻂ ﺍﻻﺣﺘﻜﺎﻛﻲ ﺍﻟﻤﻀﺎﻋﻒ، 
 ﻛﻤﺎ ﺍﻧﻪ ﺑﻌﺾ ﻣﻦ ﻫﺬﻩ ﺍﻟﺘﺒﺆﺍﺕ ﻓﻲ ﺗﻄﺒﻴﻘﺎﺕ ، ﻭﻟﻜﻦ ﺍﻟﻤﺸﻜﻠﻪ ﺍﻥ ﻫﻨﺎﻙ ﺗﻀﺎﺭﺏ ﻓﻲ ﺍﻟﺘﻨﺒﺆ ﺑﻴﻦ ﻫﺬﻩ ﺍﻟﺘﻨﺒﺆﺍﺕ. OL2Φﻝ
ﻟﻠﺘﻨﺒﺆ ﺑﻤﻌﺎﻣﻞ ﻣﻌﻴﻨﺔ ﺗﺘﻨﺒﺄ ﺑﺸﻜﻞ ﺟﻴﺪ ﺍﻟﻰ ﺣﺪ ﻣﺎ ﻭﻟﻜﻨﻬﺎ ﺳﻴﺌﺔ ﻓﻲ ﺗﻄﺒﻴﻘﺎﺕ ﺍﺧﺮﻯ. ﻭﻟﻬﺬﺍ ﺟﺎءﺕ ﺍﻟﺤﺎﺟﺔ ﻟﺒﻨﺎء ﺟﺪﻭﻝ 
Φ2,,eR OLRDx) (. ﻭﻛﺎﻧﺖ ﺃُﻭﻟﻰ ﺍﻟﻤﺮﺍﺣﻞ ﺑﺘﺸﻴﻴﺪ ﺟﺪﻭﻝ ﻫﻴﻜﻠﻲ ﻝﻓﻘﺪﺍﻥ ﺍﻟﻀﻐﻂ ﺍﻻﺣﺘﻜﺎﻛﻲ ﻟﻠﻤﻮﺍﺩ ﺛﻨﺎﺋﻴﺔ ﺍﻟﺤﺎﻟﺔ
ﺑﺎﻻﻋﺘﻤﺎﺩ ﻋﻠﻰ ﺍﻓﻀﻞ ﺍﻟﺘﻨﺒﺆﺍﺕ ﺍﻟﺮﺍﺋﺪﺓ ﻓﻲ ﻫﺬﺍ ﺍﻟﻤﺠﺎﻝ. ﺍﻣﺎ ﺍﻟﻤﺮﺣﻠﺔ ﺍﻟﺜﺎﻧﻴﺔ ﻓﻜﺎﻧﺖ ﺑﺘﺤﺪﻳﺚ ﺍﻟﺠﺪﻭﻝ ﺍﻟﻬﻴﻜﻠﻲ ﺑﺒﻴﺎﻧﺎﺕ 
 ﻭﻫﺬﻩ ﺍﻟﺒﻴﺎﻧﺎﺕ ﻣﻦ ﺷﺄﻧﻬﺎ ﺍﻥ ﺗﺤﺴﻦ ،ﻣﺨﺒﺮﻳﺔ ﺗﻢ ﺗﺠﻤﻴﻌﻬﺎ ﻣﻦ ﻣﺮﺍﺟﻊ ﻣﺨﺘﻠﻔﻪ ﺗﻢ ﺍﻻﺷﺎﺭﺓ ﺍﻟﻴﻬﺎ ﻓﻲ ﺳﻴﺎﻕ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ
ﻭﺑﺸﻜﻞ ﻓﻌّﺎﻝ ﻓﻲ ﺗﻨﺒﺆ ﺍﻟﺠﺪﻭﻝ ﺍﻟﻤﺮﺍﺩ ﺍﻧﺸﺎﺋﻪ. ﻭﺗﻜﻤﻦ ﺍﻟﻤﺮﺣﻠﺔ ﺍﻻﺧﻴﺮﺓ ﺑﺘﻄﺒﻴﻖ ﺑﺮﻧﺎﻣﺞ ﻳﻌﻤﻞ ﻋﻠﻰ ﺗﻨﻌﻴﻢ ﺛﻼﺛﻲ ﺍﻻﺑﻌﺎﺩ 
ﻟﻠﺠﺪﻭﻝ ﺍﻟﺬﻱ ﺗﻢ ﺗﺤﺪﻳﺜﻪ ﻓﻲ ﻣﺮﺣﻠﺔ ﺳﺎﺑﻘﺔ. ﻭﺗﻢ ﻓﻲ ﻧﻬﺎﻳﺔ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺗﻘﻴﻴﻢ ﻣﻔﺼﻞ ﻷﺩﺍء ﺟﺪﻭﻝ ﺍﻟﺒﺤﺚ ﺑﺎﻟﻤﻘﺎﺭﻧﺔ ﻣﻊ 
 ﻓﻘﺪ ﻛﺎﻧﺖ ﻧﺴﺒﺔ ﺍﻟﺨﻄﺄ ﻓﻲ ﺍﻟﺘﻨﺒﺆ ،ﺑﻴﺎﻧﺎﺕ ﻣﺨﺒﺮﻳﺔ ﻭﺍﻳﻀﺎً ﻣﻊ ﻋﺪﺩ ﻣﻦ ﺍﻟﺘﺒﺆﺍﺕ ﺍﻟﺮﺍﺋﺪﺓ ﻓﻲ ﻫﺬﺍ ﺍﻟﻤﺠﺎﻝ. ﻭﻧﺘﻴﺠﺔ ﻟﺬﻟﻚ
 %.7ﺍﻓﻀﻞ ﻣﻦ ﺍﻟﺘﻨﺒﺆﺍﺕ ﺍﻟﻼﺗﻲ ﺗﻤﺖ ﺍﻟﻤﻘﺎﺭﻧﺔ ﻣﻌﻬﻦ ﺑﻨﺴﺒﺔ 
 
 ﺷﻬﺎﺩﺓ ﻣﺎﺟﺴﺘﻴﺮ ﻋﻠﻮﻡ 
 ﺟﺎﻣﻌﺔ ﺍﻟﻤﻠﻚ ﻓﻬﺪ ﻟﻠﺒﺘﺮﻭﻝ ﻭﺍﻟﻤﻌﺎﺩﻥ 







 B   Chisholm's parameter    (---) 
Bo   Bond number     (---) 
C   Chisholm Coefficient    (---) 










    
(---) 
di Internal Diameter     (mm) 
en Percentage error     (---) 
Fr Froude number     (---) 
TPf          Two-phase friction factor    (---) 
Lof          Liquid phase friction factor    (---) 
GT   total Mass flux, (GL+GG)    (kg.m-2.s-1) 
La   Laplace constant     (---) 
Gm     Mass flow rate of gas    (kg.s
-1) 
totalm       Total mass flow rate     (kg.s
-1) 
n   Exponent      (---) 








µ     
(---) 
 S Slip ratio       (---) 
u    Velocity      (m.s-1) 





WeL Liquid Weber     (---) 
 X   Lockart-Martinelli parameter   (---) 
 x           Quality      (---) 
Y   Ratio of the frictional pressure gradients 
used in Chisholm correlation   (---) 
LGv
Gradients and differences  
    Difference in specific volumes of saturated  
















   Single-phase frictional pressure drop  (Pa) 
α
Greek Symbols   
 Void Fraction      (---) 
1ε  Average Error       (---) 
 2ε  RMS Error      (---) 
ρ   Density      (kg.m-3) 
2
Loφ Two-phase frictional multiplier   (---) 
µ   Viscosity      (N.s.m-2) 
v   Specific volume     (---) 
 σ   Surface Tension     (N.m
-2) 






tt   Turbulent turbulent   
Subscripts   
Bf Bankoff      
Cha Chawla      
Ch  Chisholm        
Exp.      Experiment       
 g  Gas phase 
gd Grönnerud 
H  Homogenous  
i  Internal 
L  Liquid phase 
LG  Liquid Gas 
LO   Liquid Only 
Pred.  Predicted 
SP    Single phase 





Many engineering applications like oil transport, electric power generation, designing heat 
exchangers and refrigeration and air-conditioning applications need accurate prediction of 
two-phase frictional pressure drop which is an important parameter for the design of 
pipelines, evaporators…etc. In fact, the fluids inside the pipelines are exposed to a number 
of disturbances such as; transition from laminar to turbulent due to increase in flow rate, 
interaction between phases, deformation of the interfaces, sheer stress between phases and 
the channel wall, and the inclination of the pipelines from hor izontal to vertical. These 
types of disturbances are enhancing to loss more and more from the total pipelines 
pressure.   
 
Total pressure drop in two-phase flow system is generally due to gravitation, acceleration 





























     (1) 
 
Actually, gravitational and acceleration pressure drop can be easily tackled where the 
gravitational pressure drop depends on the void fraction within the pipe, and conside rs the 
pipe orientation. For the acceleration pressure drop, it happens for the case of evaporation 




experimental data have been used. But for frictional pressure drop, it is mostimportant and 
difficult term to predict and requires tedious analysis due to existence the superficial 
friction between phases and the sheer stress between phase and the channel wall.  
Moreover, evaluation the pressure gradient components, frictional, acceleration, and 
gravitational, requires knowledge of such physical properties as the density and viscosity, 
and the flow parameters as the mass flux and the friction factor. For single-phase flow it is 
relatively easier to predict the friction factor  than two-phase flow. The relationship 
between the friction factor and the Reynolds number and relative pipe roughness is well 
presented by the Moody friction factor, Fanning friction factor, and by many other 
investigators as will see later. 
 
The complexity of the solut ion of the pressure gradient equations for two-phase flow arises 
from the above mentioned parameters. The correlations predict the pressure gradient in 
two-phase flow usually differ in the way these variables are defined or calculated. In this 
study, only one component from the total pressure gradient presented in Equation 1 have 
been considered which is the frictional pressure drop.  
 
Other complexity in the frictional part arises from Two-Phase Friction Multiplier “Φ2LO”. 
This term used for calculating two-phase friction pressure drop. Φ2LO is a unique function 
of flow quality, pressure, mass flux and possibly heat flux or wall superheat if the flow 























        









 : is the single-phase liquid frictional pressure drop 
2
LOΦ : is the two-phase frictional multiplier. 
In practice there are two methods used to calculate two-phase frictional pressure 
drops. The first method utilizes the Homogeneous flow Model where a relation for 
wall shear stress, Wτ , and relative velocity between the phases is developed 
empirically. The other method is by using two-fluid or drift flux model where one uses 
the separated flow model for Wτ  and substitutes the empirical relation for relative 
velocity by the complete solution of each phase momentum equation. Both methods 
result in obt aining 2LOΦ . 
Numerous correlations predicted frictional pressure drop found in the literature and 
summarized in the chapter 2. The problem of these correlations is the limitation of 
usage. These correlations are specific for a certain ranges of application, and if these 
correlations applied for other application range a huge error may occurs. Regarding to 
Ould-Didi et al. [1], no models available in the literature are giving adequate 





To overcome the large prediction errors of the correlations, the confusion in using the 
right correlation, the limited application range of the cor relations … etc, Look-Up 
Table (LUT) has been constructed from the best available correlations available in the 
literature.This LUT is a tool used to predictthe two-phase frictional pressure drop 
multiplier as a function of density ratio (DR), Reynolds number (Re), and mass quality 
(x) for aflow in small to moderate pipe diameter with accuracy superseding existing  
prediction techniques. In fact, density ratio, Reynolds number, and mass quality are 
dimensionless numbers and assurethe generality for  the LUT for any data sets 
available. In addition to that, these dimensionless groupstaken into consideration many 
physical properties and flow parameters such as; pressure, pipe diameter, kinematic 
viscosity, mass flux…etc.    
 
In this study, six prediction correlationsof two-phase frictional pressure drop have 
been selected based on [1] andevaluated against experimental data setswhich are 
collected from different resources. Further statistical analyses are presented to 
nominate the best correlations among of them. After that, a skeleton table has been 
built based on the best cor relations nominated in previous step. This table is upda ted 












Two-phase flow is the simultaneous movement of two differing phases, where the 
phase refers to the state of the matter (i.e. solid, liquid or gas). Two-phase flows can 
occur as either single-component flow or two-component flow. Single component 
two-phase flows occur when bot h the phases are of the same chemical compos ition. 
This type of flow typically invo lves some sort of phase change such as melting or  
boiling. Two-component two-phase flow involves the simultaneous movement of two 
different phases with differing chemical compositions. Phase changes are generally 
not associated with two-component two-phase flow. It is towards the single-phase 
flow such as steam-water flow in an adiabatic flow channe l. 
 
As presented in Chapter 1, two-phase pressure drop is due to three components; 
frictional, gravitational, and acceleration. The main important component is the 
frictional. Two-phase frictional pressure drop is associated with the behavior and the 
interaction of the phases inside the channel wall. Many parameters play an important 
role on the amount of the frictional pressure drop such as; pressure, density, viscosity, 
mass flux, pipe diameter, friction factor…etc. other parameter such as; pipe orientation 
and phase change are not considered because they are related to the gravitational and 




which guaranteed satisfy prediction and contained all or some of the parameters 
mentioned above. This variable is known as two-phase pressure multiplier 2LOΦ . 
Collier and Thome [2]generated a formula based on homogeneous flow principle as 


















dLdP 12φ  (3) 
 where: 
TPf : is the two-phase friction factor. 
LOf  : is the liquid phase friction factor. 
x:  is the mass quality. 
LGv : is the difference in specific volumes of saturated liquid and vapor, m
3.kg-1 
Lv : is the specific volume of liquid, m3.kg-1 
 
2.1. Frictional Pressure Drop for single-phase flow 
As mentioned above many factors are affecting the frictional pressure drop like flow 
viscosity, flow velocity, roughness of pipe, and the characteristic length of 
channel...etc. By assuming that the flow is steady and incompressible, then the friction 
pressure drop for single-phase flow can be calculated using the Darcy-Weisbach 
equation involving a friction factor, f, hydraulic diameter, D
h 
, and the mean fluid 













































= : Hydraulic diameter. 
 F : Friction factor. 
ρ : Density (Kg.m-3) 
 
The flow inside the channel can be laminar or turbulent. For laminar flow and by using 
Blasuis equation, the friction factor, f, only depends on the Reynolds number.  
Re
16
=f                       (5) 
 
For turbulent flow, it depends not only on the Reynolds number but also on the 
relative roughness of the contact surface. Many researchers try to derive correlation for 
the friction factor for rough pipes. One of them, Nikuradse [3], performed experiments 















zf log214.15.0          (6) 
where: 
D




For smooth pipes, Blasius provided a friction factor expression written as  
25.0Re
075.0
=f                      (7) 
 
Equation 7 is valid for Reynolds numbers from 3500 up to about 100000[2]. Another 
equation based on the data of commercial smooth pipes, Colebrook [4], presented the 

















log25.0     (8) 
 
Based on Equation 8,  Moody [5] generated a graph that shows the friction factor as a 
function of Reynolds number and relative roughness. Since it is difficult to get 
information for the actual pipe roughness, the experimental data do not always fit the 
value obtained from both the Colebrook equation and the Moody chart. 
 
The pressure gradient due to momentum exchange between wall- fluid for single-phase 
flows forms the basis of some models used for two-phase flows. Equation 9 represents 










































−=       (9) 
where: 




W: Mass rate of flow (Kg/sec). 
Af : flow area occupied by liquid phase (m2). 
 
The first and third terms in the right-hand side refers to momentum flux, and 
gravitational pressure drop, respectively. The momentum exchange between wall-
fluid,  the second term on the right-hand side of Equation 9, is the frictional pressure 

































 : Frictional pressure gradient for the flow 
fw : is wall friction factor. 
Dh: Hydraulic Diameter (m).  
 
Many pa rameters like veloc ity of the fluid, geometry of the flow channel, and 
transport properties for the fluid are considered as factors affecting wall friction factor. 
The wall friction factor for laminar flow can be determined, in many cases, by the 
solution of the Navier-Stokes equations. For turbulent flows experimental data are 
needed to determine the friction factor as introduced earlier in this chapter. 
For the case of a straight flow channel with parallel walls, it was found that the 




fluid relative to the flow direction. So that, the momentum exchange between wall-
fluid is due only to shear forces acting at the wall- fluid interface. 
 
2.2. Frictional Pressure Drop for Two-Phase Flow 
The pressure drop for single-phase flow is considered as much lower than that for two-
phase due to the presence of an inter-phase shear force between two fluids. Usually, 
many assumptions are introduced to simplify the complexity of two-phase flow. Many 
parameters are used by many researchers to describe two-phase in a flow field, the 
two-phase friction multiplier approach which account for the effects of the presence of 
a two-or-multi-phase mixture in a flow field is a general accepted engineering model 
for two-phase flow.  
 
Among the earlier two-phase friction multiplier models and correlations are those by 
Martinelli and his coworkers [6-7], Thom [8], Dukler [9], Baroczy [10], and Chisholm 
[11]. More recent correlations include those of Reddy[12] and Friedel [18]. The 
performance of the earlier correlations has been summarized by Collier and Thome [2] 
and the performance of the earlier correlations against Friedel correlation has been 
summarized by Whalley [13]. Comparisons of the predictions of some of these 





2.2.1. Basic Equations of Two-Phase Flow 
Many types of forces can occur while the fluid flows in the channel. Such forces are 
pressure force on the channel element, gravitational force, wall shear force between 
the phase and the channel wall, interfacial shear forces between the phases, and the 
rate of generation of momentum of each phase due to mass transfer. In fact, these 
types of forces are affecting the fluid distributions inside the channel. Then, if the flow 
pattern is unpredictable then, the fluctuation in pressure drop and dens ity is taken into 
consideration.  
 
A general form for the differential ba lance equation can be written by introducing the 
fluid density " kρ ", the flux "Jk", and the body source " kφ " of any quantity" kψ " 
defined for a unit mass as the following: 





..                 (11) 
 
The first term of the above equation is the time rate of change of the quantity per unit 
volume, whereas the second term is the rate of convection per unit volume. The right-
hand side terms represent the surface flux and the volume source. 
2.2.1.1. Conservation of Mass 
The conservation of mass "continuity equation" stats that in any steady state process, 
the rate at which mass enters a control volume is equal to the rate at which mass leaves 




0,1,0 === KKk Jψφ . As an example of such simplifications Equation 11 are 
assumed no surface and volume sources of mass with respect to a fixed mass volume. 
Then, we obtain: 







ρ                    (12) 
 
Wheret is time and v  is the flow velocityvector field. If density "ρ" is constant, the 
mass continuity equation simplifies to a volume continuity equation:  
0. =∇ kv                     (13) 
 
2.2.1.2. Conservation of Momentum 
The conservation of momentum can be obtained from Equation 11 by introducing the 
surface stress tensor kT  and the body force kg , thus we set kk v=ψ , kk g=φ , 
Kkkk JIPTJ −=−= . Where I is the unit tensor.  Here we have split the stress tensor "
kT " into the pressure term and the viscous stress. In view of Equation 11 we have: 







...                (14) 
 
2.2.1.3. Conservation of Energy 
















vg +=φ , Kkkk vTqJ .−= .Where
•
kkK qqv ,, represent 
the internal energy, heat flux and the bodyheating, respectively. It can be seen here 
that bot h the flux and the bodys ource consist of the thermal effect and the mechanical 
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As a result, these three local equations, express the three basic physical laws of the 
conservation of mass, momentum, and energy. In order to solve these equations, it is 
necessary to specify the fluxes and the body sources as well as the fundamental 
equation of state. 
 
2.3. Two-Phase Frictional Pressure Drop Models and Correlations 
Several two-phase flow frictional pressure drop models have been developed. Each 
model is developed using assumptions of the physics of the flow, which are somehow 
adequate for a specific flow regime. However, models that accurately predict frictional 
pressure drop for all flow regimes without discontinuities could not be found in the 
literature. Many assumptions are introduced to simplify the complexity of two-phase 
flow and to investigate the two-phase frictional pressure drop. Two models will be 




one continuo us phase with average properties and flow conditions. This model 
predicts the bubbly flow much be tter than the other flow regimes. The second model is 
the separated flow model which treats the two phases separately based on the 
assumption of two different phase velocities. It considers the phases moving separately 
in two streams with a distinct inter-phase boundary separating them. The separate flow 
model gives satisfactory results when the flow is stratified or annular.  
 
Homogenous two-phase frictional pressure drop models have been developed for 
circular pipes such as the ones presented by [6-7, 14-18]. Those researchers developed 
frictional pressure gradient correlation for air-water system based on two-phase 
momentum energy balance in vertical and horizontal pipe flow. Isbin et. al. [19], 
Owens [20], and Cicchitti et. al. [21] methods  can be  regarded as variations of the 
homogeneous mode l. 
 
Martinelli and Nelson [6] developed two-phase multiplier to relate the two-phase 
frictional pressure drop to equivalent flow single-phase frictional pressure drop. They 
also covered the estimation of the accelerative component and predict the pressure 
drop during forced circulation boiling and condensation for the adiabatic flow of low 
pressure air-water mixtures by assuming that the flow regime would always be 
turbulent for both phases. They established a relationship between  ΦLOand Lockhart 




the pressure is increased towards the critical point, the densities and viscosities of the 
phases become similar. 
 
Lockhart and Martinelli Method [7] is one of the first methods developed for the two- 
phase liquid only multiplier (Φ2LO). Lockhart and Martinelli were working on a series 
of studies of isothermal two-phase two-component flow in horizontal tubes. These 
studies proposed a generalized method for calculating the frictional pressure gradient 
for isothermal two-component flow in a hor izontal two-phase flow at low pressure. 
Also,  they assumed that a definite portion of the flow area is assigned to each phase. 





Lo ++=φ          (16) 
where: 
C: Chisholm Coefficient 
X:Lockart-Martinelli parameter   
 
Friede l [22] introduced a correlation to improve friction pressure drop predictions for 
horizontal and vertical two-phase flow.  Friede l’s correlation is one of the most wide ly 
used correlations in predicting two-phase frictional pressure drop.It was obtained by 
optimizing an equation for  Φ2LO , by utilizing the Froude number ( ratio of inertial to 




based on approximately 25,000 adiabatic pressure drop data covering the following 
conditions corresponding to water: 
Pressure:  20 – 21,200 kPa 
Mass flux:   20 – 10,330 kg·m-2·s-1 
Quality:   0 - 1 
Hydraulic diameter:  0.001 - 0.26 m 






+=φ        (17) 
where: 
E, F, H: defined in Table 1 
Fr:Froude number 
We: Weber Number  
 
Chisholm[11]proposed an extensive empirical method applicable to a wide range of 
operating conditions. His two-phase frictional pressure dropmultiplier is determined as; 




























22 111φ      (18) 
where: 




B, Y: is the Chisholm’s parameters which are defined in Table 1. 
 
Muller-Steinhagen and Heck [23] produced correlation for two-phase flow, water-air, 
in pipes to predict the frictional pressure drop for two-phase flow in pipes. They 
compared their correlation results with fourteen correlations using data bank 
containing 9300 data points of frictional pressure drop for a variety of fluids and flow 
conditions as indicated in their paper [23]. Their correlation includes single-phase 
liquid and gas frictional pressure drop and predicts correctly the influence of flow 
parameters.  
 
Grönnerud [24]developed two-phase frictional pressure drop correlation specifically 
for refrigerants. His correlation was based on liquid Froude number. His two-phase 





























 : Frictional pressure gradient depends on the Froude number. More details in  





Zhang et al. [25] explored a correlation for two-phase frictional pressure drop a nd void 
fraction based on separated flow and drift- flux model and based on data sets collected 
from the literature. Also they worked on two-phase friction multiplier and void 
fraction by correlating parameters such as, Chisholm parameters and the distribution 
parameter.  
 
Beattie[26] de rived two-phase friction equations depending basically on mixing length 
theory. These equations were compared with experimental data, this data taken from 
different resources, of five flow conditions; bubble flow, wavy gas- liquid interface, 
flow with very small bubbles, attached wall bubbles, and dry wall. The results from 
comparison were encouraging.  
 
Chen et al.[27]investigated the effect of surface tension and mass flux on two-phase 
frictional pressure drop of air-water and R-410a in small horizontal tubes. Chen et al. 
correlation corrected for these effects using Webber number and Bond number. They 
condensed R410A at (3–15)0C in several hor izontal tubes ranging between 3.17 and 9 
mm i.d. for the mass fluxes of (50–600) kg.m-2.sec-1, and studied the condensation of 
air–water at room temperature in several horizontal tubes ranging between 1.02 and 
7.02 mm i.d. for the mass fluxes of (50–3000)kg.m-2.sec-1.  
 
Cavallini et al.[28]investigated the condensation heat transfer and pressure drop of 




tube. In add ition to that they studied the Condensation of halogenated refrigerants 
inside smooth tubes.  In fact, their model was a modification for the Friedel’s 
correlation to develop an annular flow model during the condensation in an 8 mm i.d. 
horizontal tube for the mass fluxes of (100–750)kg.m-2.sec-1at saturation temperatures 
between 30 and 50 0C. As a result of the study, a model for predicting condensing heat 
transfer coefficient was developed by means of frictional pressure drop. 
 
Mishima and Hibiki[29]proposed two-phase pressure drop correlation by modifying 
Lockhart and Martinelli equation. Mishima and Hibikiinvestigated two-phase 
frictional pressure drop for upward flow of air–water in small diameter 1–4 mm i.d. 
vertical tubes. Their model has limitations accounting for the superficial velocities of 
vapor and liquid of phases.  
 
Wilson et al. [30]derived two-phase friction equations depending basically on 
Lockhart and Martinelli parameter (X).Wilson et al. performed an experiment for 
pressure drop and condensation heat transfer for R134a and R410A in several 1.84–
7.79 mm i.d horizontal flattened round smooth, axial, and helical micro-fin-tube s for 
the mass fluxes between 75 and 400kg.m-2.sec-1at the saturation temperatures of 35 0C.  
 
Tran et al. [31]proposed a pressure drop correlation by modifying Chisholm’s 
correlation [11] to conside r surface tension effects. An experimental investigation and 




diameter horizontal circular (2.4, 2.46, and 2.92 mm) and rectangular (4.06-1.7 mm) 
tubes at boiling pressures between 138 and 836 KPa and for mass fluxes between 33 
and 832 kg.m-2.sec-1. 
 
Souza et al.[17]predicted the frictional pressure drop during horizontal two-phase flow 
of pure and mixed refrigerants. Souza et al. showed the effect of oil in R12 and R134a 
on the pressure drop in a hydraulic diameter of 10.9 mm horizontal flattened tube for 
the mass fluxes of (200–600) kg.m-2.sec-1. 
 
Wang et al. [32] proposed two-phase pressure drop correlation by modifying Lockhart 
and Martinelli correlation. Wang et al. performed visual observation experiment to 
study the two-phase flow pattern of R22, R134a, and R407C in a 6.5 mm i.d smooth 
horizontal tube for mass fluxes of (50–700) kg.m-2.sec-1at the condensing temperatures 
of 2.6–20 0C. 
 
Garimella [33-34]developed flow regime based modelfor intermittent and annular, 
mist, and disperse flow regimes. Garimella investigated the pressure drop and heat 
transfer in circular micro-channelsof R134a in 0.5–4.91 mm i.d. horizontal tubes at the 
condensing temperature of 52 0C for mass fluxes between 150 and 750 kg.m-2.sec-1. 
 
Lee and Lee[35] found a correlations for two-phase multiplier for air–water flow 




channel.Their model has limitations with the Reynolds number and Lockhart and 
Martinelli [7] parameter. 
 






Table 1 Summary of Two-Phase frictional pressure Drop prediction Models and Correlations 
 
References Frictional Pressure Drop Models/Correlations Remarks 
Homogenous 
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-The value of C depend on the 
regimes of the liquid and Gas as 
follow: 
  Liquid                Gas              C 
Turbulent       Turbulent      20  
Laminor          Turbulent      12 
Turbulent       Laminor         10 
Laminor          Laminor          5 
-L-M is applicable for 0<x≤1 



















































































































ρ φ  
-It  is applicable for 0≤x≤1 





 - C, m, and n are the Blasuis 
constant. 
-Reynolds number and friction 




































































-It  is applicable for 0≤x≤1 
- C, m, and n are the Blasuis 
constant. 





References Frictional Pressure Drop Models/Correlations Remarks 
















































































































































-It  is applicable for 0≤x≤1 
- C, m, and n are the Blasuis 
constant. 
-Reynolds number and friction 





























































































































-It  is applicable for 0≤x<1 
-Reynolds number and friction 






















































































































































































































































































































































































































































X: calculated from L-M 

































































































 : Calculated from Chisholm 
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ψRe= , For 2100Re <L
3.010308.1 −∗=A , 4273.0=a , 9295.0=b , 
1211.0−=c  
 







































2.4. Experimental Work Done on Two-Phase frictional Pressure Drop 
McMillan  [36] did a study of flow patterns and pressure drop in horizontal two-phase 
flow. An experiment was performed using R-11. The data obtained was used to verify 
the prediction of Lockhart and Martinelli correlations. 
 
Kasturi et al.[37] run an experiment to measure the pressure drop and the void fraction 
for two-phase concurrent flow of air-water, air-corn-suger-water solution, air-glycerol-
water solution, and air-butanol-water solution  in a helical coil of 12.5 mm. Three 
correlations were chosen to compare data with (e.g. Lochkart-Martinelli, Dukler, and 
Hughmark correlations). The results of air-water showed good agreement with L-M 
correlation. Poor agreement was found comparing with Dukler, Hughmark correlation. 
 
The data set obtained from Beggs et al. [38] was recorded using a test section with a 
diameter of 1.0- and 1.5- in, smooth, with liquid viscosity of 0.78-1.40 cp, using air 
and water as the working fluid. Void fraction measurements were conducted by using 
a pneumatically actuated, and quick closing ball valves. In their (1973) paper, Beggs et 
al. estimate their experimental standard deviation in void fraction measurements to be 
7.98%. A total of 188 data points used for the purposes of direct comparison with 
inclination angle varies as (10, 5, 0,-5,-10) degree. 
 
Mukherjee [39] recorded his experimental data using 1.5 in pipe with air-water, and 





served as the method of void fraction data collection. A total of 213 data points was 
recorded with inclination angles (-5, 0, 5) degree.  
 
Hashizume [40] recorded his 170 data points with a 10 mm horizontal tube with R12 
and R22 as the working fluid. He used quick closing valves to measure void fraction. 
Uncertainty analysis of the data obtained was not presented in this paper. Data on flow 
pattern, void fraction and pressure drop have been obtained for range of saturation 
pressure of 5.7 to 19.6 bar. For R12 and R22,  the relation of mass quality with respect 
to void fraction and pressure drop at different values of flow rate is directly 
proportional. 
 
Vijayarangan et al. [41] measured two-phase frictional pressure drop for R-134a in a 
vertical tube of 12.7 mm and 3 m length. They compared the experimental data with 
homogenous and separated flow model. Also they compared it with flow pattern 
method. They found that the flow pattern-based approach is the best model. 
 
Andritsos et al. [42] recorded their 535 data points with a 0.99- and 3.75- in (2.52-9.53) 
cm horizontal pipe with air-water and air-Glycer as the working fluids. The liquid 






Ebner et al. [43]run an experiment for horizontal air-water flow in a Perspex pipe 
having an inside diameter of 0.05 m and length of 5.08 m. Ebner et al.constructed flow 
pattern map and proposed an empirical pressure drop correlation. 
 
Hashizume et al. [44] compared the data from paper of Hashizume [40] with air-water 
and water-steam system. They made a correction for the surface roughness equation 
and they made an interpo lation in the small quality region. They found that a good 
agreement between this analyses and experimental data.  
 
Klausner  [45] studied the influence of gravity on pressure drop and heat transfer in 
flow boiling of R-11 in a vertical upflow, vertical down flow, and horizontal flow 
configurations. A mechanistic flow boiling heat transfer correlation was proposed. 
 
Abdul-Majeed [46] conducted an experiment in order to simplify and improve the 
performance the mechanistic model developed by Taital and Dukler and to come up 
with new model. Liquid hold up was estimated using an air-kerosene mixture flow 
through a test section consisting of a horizontal pipe 50.8 mm in diameter and 36 m 
long. The proposed model gives excellent results against 111 points. 
 
Aube [47] studied the influence of surface heating on frictional pressure drop for 
single and two-phase flows by running an experiment for two different tube diameters 





Ekberg et al. [48] conducted an experiment to predict two-phase flow regimes, void 
fraction and pressure drop in horizontal, narrow, concentric annuli. Two transparent 
test sections, one with inner and outer diameters of 6.6 and 8.6  mm and an overall 
length of 46.0 cm; the other with 33.2 and 35.2 mm diameters and 43.0 cm length, 
respectively, were used. The correlation of Friedel was found to provide the best 
overall agreement with the da ta. 
 
Triplett et al. [49] investigated the void fraction and the frictional pressure drop in 
circular channel of 1.1 and 1.45 mm inner diameters  they found that after comparing 
the experimental data with available correlations that the Homogenous model provide 
best prediction in bubbly and slug flow.  
 
Angeli et al. [50] conducted an experiment in hor izontal test section made of steel with 
24.3 mm ID and acrylic has 24 mm ID. Their main finding that the difference in tube 
material cannot be explained without the roughness term. 
 
Spedding et al. [51] conducted an experiment for two-phase upflow in vertical and 
near vertical. Spedding et al. came up with new relations predicts holdup and 
transitions between flow regimes. They found that, the liquid holdup for near vertical 
flow was greater than for vertical upflow. And the total pressure drop was greater for 





Ottens et al. [52] conducted an experiment for nearly-horizontal of 0.052 m internal 
diameter and 22 m length. Ottens et al. tested the predictive capability of new f.-
relation against several f.-relations from the literature. And they recommended some 
of the correlations performed better than other. They found that the f. model based on 
the interfacial wave velocity gives best prediction of both the liquid hold-up and the 
frictional pressure gradient. 
 
Warrier et al. [53] conducted an experiment for single-phase forced convection and 
subcooled and saturated nucleate boiling which performed in horizontal small 
rectangular channel of hydraulic diameter equal 0.75 mm. A correlation had been 
proposed for two-phase frictional pressure drop under subcooled and saturation 
nucleate boiling conditions. 
 
Ould Didi et al. [1] run an experiment to measure two-phase frictional pressure drop 
for evaporation in two horizontal test sections of 10.92 and 12.00 mm diameter for 
five refrigerant. They manage to developed a new heat transfer model, and two-phase 
flow pattern map.  
Pehlivan [54] performed an experiment to study the two-phase air-water flow regimes 
and frictional pressure drop in Mini- and Micro-channels. A three different circular 
test sections, with diameters of 3 mm, 1 mm and 800 μm, were used to study the two-






Nualboonrueng et al. [55] studied two-phase frictional pressure drop of R-134a during 
condensation in horizontal copper smooth tube of 9.52 mm diameter and 2.5 m long. 
Nualboonrueng et al. found that as average quality increase and mass flux the 
frictional pressure drop will increase. And as condensation temperature increase the 
pressure drop will decrease. Also, they came up with new correlation. 
 
Recently, some of the literature, Chakrabarti et al. [56] seek to determine frictional 
pressure drop in Liquid-liquid two phase horizontal flow. Chakrabarti et al. run an 
experiment to investigate the frictional pr essure drop characteristics for the flow of 
kerosene-water mixture through a horizontal pipe of 0.025 m diameter. Different 
combinations of flow regimes such that smooth stratified,  wavy stratified,  three layer 
flow, plug flow and oil dispersed in water, and water flow patterns. The superficial 
velocities were ranging from 0.03-2 m.s-1. They developed a modelto consider the 
energy minimization and pressure equalization of both phases. The results obtained 
from this model have yielded an accuracy of ±10% for regimes where fragmented 
droplets of one phase do not appear. For smooth stratified and stratified wavy 
regimens the results agree closely with the experimental data for Lovick and Angeli 
[57].  
 
Vassallo et al. [14] conducted an experiment to predict an adiabatic two-phase 
frictional multipliers for R-134aflowing in 4.8 mm diameter. They compared their data 
with many correlations (Lochkart-Martenilli, Chisholm B-coefficient, Homogenous 





towards homogenous flow as the pressure and flow rate are increased. Also, they 
found that the homogenous mode l is the best mode l among the other especially at the 
high pressure. 
 
Field et al. [58]performed an experiment in a rectangular channel with Dh = 148.0 μm 
with four refrigerants: R134a, R410A, propane (R290), and ammonia (R717). For 
validation, the measured frictional pressure drops have been compared to many 
published sepa rated flow and homogeneous frictional pressure drop models. Field et 
al. proposed a new correlation for C, the Chisholm parameter, based on the Reynolds 
number of the vapor phase and the dimensionless grouping ψ for adiabatic two-phase 
frictional pressure drop o f refrigerants in small channels. 
 
Quiben et al.[59-60] conducted an experimental and analytical study, for diabatic and 
adiabatic flow condition in horizontal tubes, to obtain an accurate prediction for two-
phase frictional pressure drop over a wide range of experimental conditions. 
 
Saisorn et al. [61-62] performed an experiment for a channel of fused silica, 320 mm 
long, with an inside diameter of 0.53 mm. the data taken from the experiment was 
compared with homogenous mode l, and they found that the homogenous mode l is 
suitable. A new correlation produced of two-phase frictional multiplier form the micro 






Shannak [63] conducted an experiment of air-water two-phase frictional pressure drop 
of vertical and horizontal smooth and rough pipes. He found that as the relative 
roughness increased, the frictional pressure drop increased. He also proposed a new 
prediction model for frictional pressure drop of two-phase flow in pipes.  
 
Kawahara et al. [64] conducted an adiabatic experiment to investigate the effects of 
liquid (water-ethanol) properties on the characteristics of two-phase flow in horizontal 
circular microchannel of 250 and 500 μm .        
 
Alizadehdakhel et al. [65] studied the two-phase flow regimes and frictional pressure 
drop by collecting a large number of experiments in a 20 mm diameter and 6 m length 
tube. 
 
Dutkowski [66] run an experiment to investigate the frictional pressure drop in two-
phase air-water adiabatic flow in minichannels made from stainless steel of 1.05-2.30 
mm internal diameter and the length of test section of 300 mm. they found that the 
available prediction correlation gives poor results, and some corrections and 
modifications is needed for minichannels case. 
 
Su et al. [67]  investigated the frictiona l pressure drop for nitrogen in a three different 
kinds of stainless steel microchannels with diameter of 0.56, 1.00, and 1.80 mm. after 





failed to predict the experimental results due to special operation condition. Therefore, 
a new correlation was developed in form of Lochkart-Martenilli. 
 
Thome et al. [68] performed an experiment for studying two-phase frictional pressure 
drop in adiabatic horizontal circular smoo th U-Bends and straight pipe for R-134a in 
13.4 mm pipe diameter. 
 
A summary of data collected from some of the above mentioned experimental work 
which used later on for the purposes of direct comparison in the horizontal, slightly 
inclined, and vertical pipe, as shown in Table 2. 
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2.5. Previous work done on Look-Up-Table 
The application of the look-up table approach is widely recognized for both critical 
heat flux and film boiling heat transfer coefficient predictions. So, the LUT which 
predicts adiabatic two-phase frictional pressure drop does not exist. The LUT 
methodology is considered to be the same and the only variations between the tables 
are the values to be predicted and the dimensions of the table. 
 
Groeneveld et al. [69]  presented a LUT for predicting the critical heat flux of water. 
The CHF values for an 8-mm ID, water-cooled tube at 21 pressures, 20 mass fluxes, 
and 23  qualities for a vertical flow in single tube geometry. The prediction accuracy of 
the CHF-LUT is about 4% (based on root-mean square (RMS) which is better than any 
other available prediction model. Correction factors were derived to account for 
different flow configurations.  
 
In parallel to Groeneveld et al. work on the CHF-LUT, El Nakla et al. [70] established 
two versions of the look-up table to predict film boiling heat transfer coefficient for 
flow in 8 mm tubes. More than 70,000 experimental data points were used in deriving 
the tables. In one version, the heat transfer coefficient was expressed as a function of 
flow mass flux,  pressure, quality and wall supe rheat and the other version the heat 
transfer coefficient was expressed as a function of flow mass flux, pressure, quality 
and wall heat flux. El Nakla et al. tables are currently implemented in CATHENA [71] 
code as a standard prediction technique due to their prediction accuracy (~10% RMS) 
and their wide range of flow conditions. 





Problem Statement and Objective of Study 
 
3.1. Objectives of the Study 
The objective of the proposed research thesis is to construct a look-up table for 
predicting the two-phase frictional pressure drop multiplier with accuracy superseding 
existing prediction techniques. The table covers wide range of flow conditions of 
pressure, mass fluxes, and qualities where different flow regimes exist.   
The table is constructed as follows: 
1- A skeleton table is made using available prediction techniques that best fit each 
sub range of the table. This will be done by assessing these models against 
experimental data and selecting the ones with least error. 
2- The skeleton table is updated using all data banks. This procedure will result in 
reducing the error in regions where experimental data are available, by replacing 
the prediction value of the models with experimental values. This would result in 
improved accuracy of the table to supersede any other prediction techniques for 
the regions where experimental data are available. The table would predict other 
regions as good as best models. 
3- Smoothing is applied on the table to remove discontinuities between sub regions 
and between the cor relations and experimental data regions.This discontinuities 
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and irregularities are due to differences between data sets, data scattering, and 
other minor parameters such as surface roughness, flow instabilities, and pipe 
or ientation. 
4- Error assessment in terms of root mean square (RSM) error and average error is 
performed for the table against each data set. The table will also be assessing for 
each sub regions. 
 
The values of the two-phase frictional pressure drop obtained from the look-up table 
can be used directly to predict the two-phase frictional pressure drop when used with a 
proper single phase frictional pressure drop correlation. 
 
3.2. Parameters 
In this research, adiabatic single component data has been considered in pipe  diameter 
of 2.0-90.0 mm. The ranges of pressure, mass flux and mass qua lity were 0.10-20.5 
MPa, 2.05-20,000 kg.m-2.s-1 and 0.0-1.0, respectively. 
3.3. Methodology 
1- An extensive survey was performed on the available literature. The main purpose 
of this task is to gather as much as possible of experimental data related to two-
phase frictional pressure drop.  
2- All data collected was tabulated in spread sheets with the same format and the 
same units of flow conditions.  
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3- Each data set assessed to remove the uncertainty in frictional pressure drop.  
4- Each data set assessed with a leading models to know the best model.  
5- Construct a skeleton table from leading models and correlations to assure correct 
parametric and asymptotic trends. 
6- Updating the table with available experimental data. The updating procedure is 
done by removing a value of non-experimental point and replacing it with an 
experimental value for the same flow conditions.  
7- Discont inuities appear between each sub ranges and between the models and 
experimental data regions. A smoothing program was applied to remove them. 
8- Optimizing the table. 
9- Analysis and performing uncertainty study on the final table.  




4. CHAPTER 4 
Comparison between Correlations and 
Experimental Data 
 
Many correlations and models are available in the literature as previously mentioned 
in chapter two.As shown in Table 1, six correlations which are known for  their high  
prediction accuracy are usedto examine their performance among theexperimental data 
collected from the literature as mentioned in table 2.In this section the flow parameters 
such as; pressure, mass flux, and mass quality are studied to show the effect on two-
phase frictional pressure drop correlations.  
To nominate the best correlations among of the chosen one, another check to their 
accuracy is needed. Average and root-mean squared errors are used to assess the 
predictions of the correlations.     
4.1. Effect of Flow Parameters on Two-Phase Frictional 
Pressure Drop 
Figure 1 shows the effect of mass flux (at high mass flux values) on two-phase 
frictional pressure drop at moderate constant pressure and by varying the mass quality. 




mass flux. The increase in pressure drop is attributed to the increase in Reynolds 
number (turbulence). This is similar to the single-phase frictiona l pressure drop. 
Although the friction factor decreases with increasing mass flux but the increase in 
pressure drop due to turbulence is much higher. 
Figure 1 also shows the effect of varying mass quality on frictional pressure drop.  At a 
given mass flux, the frictional pressure drop increases with increasing mass quality. As 
the mass quality increases, the area between the liquid phase and the gas phase 
increases with an increase in the gas velocity. This would result in increasing the 
frictional pressure gradient at the interface which in turn will increase the total 
frictional pressure drop.  
The same effect of mass flux and mass quality is observed by changing the working 
fluid from water-steam mixture to R-11 mixture at lower pressures and lower mass 
fluxes. This is demonstrated in Figures 2 and 3. 
The effect of pressure on frictional pressure drop is shown in Figure 4 for a given mass 
flux and by varying the mass quality. At a given mass quality, the frictional pressure 
drop decreases with increasing flow pressure. There are two opposing effect occurring 
when increasing the pressure. The first is friction factor which increases slightly due to 
the increase in pressure. The other effect is the increase in density of the mixture. This 
increase in density will result in decreasing frictional pressure drop in an absolute 







Figure 1 Two-phase frictional pressure gradient versus mass quality for  Water-steam flow in 13.4 mm at system pressure equal to 2 MPaand 





Figure 2 Two-phase frictional pressure gradient versus mass quality for  R-11 flow in 46.6 mm at system pressure equal to 0.16 MPa and 





Figure 3 Two-phase frictional pressure gradient versus mass flux for  R-11 flow in 46.6 mm at system pressure equal to 0.16 MPa and 





Figure 4 Two-phase frictional pressure gradient versus mass quality for  Water-steam flow in 13.4 mm at mass flux equal to 4500 Kg.m-






4.2. Assessment of Two-Phase Frictional Pressure Drop 
Correlations 
The two-phase frictional pressure correlations listed in Table 1 have been assessed 
















exp,,        (20) 
The average error (ε1), and root-mean squared (RMS) error (ε2) are, respectively, 












































       
(22) 
The results of assessment are summarized in Table 3. It can be seen from the table that 
Gronnerud correlation shows the best overall prediction accuracy (least root-mean-
squared error) among other correlations. Homogenous model and Friede l correlation 
come after with acceptable accuracy.   
For purpose of choosing the accurate correlations for the look-up table, Table 4 is 
produced. This table (Table 4) acting as an error mapping, which has the same ranges 
of the skeleton table. The only difference between error mapping and skeleton table 
that the error mapping table is divided the skeleton table into sub-ranges for purpose of 















Table 4Error Mapping table 
 
Density Ratio Reynolds Number Correlations Mass Quality 




10-1000 Homogenous  ε1 -- -- -- 
ε2 -- -- -- 
Friedel ε1 -- -- -- 
ε2 -- -- -- 
Lockhart-
Martinelli 
ε1 -- -- -- 
ε2 -- -- -- 
Gronnerud ε1 -- -- -- 
ε2 -- -- -- 
Muller ε1 -- -- -- 
ε2 -- -- -- 
Chisholm` ε1 -- -- -- 
ε2 -- -- -- 
No. of Data -- -- -- 
1000-10,000 Homogenous  ε1 -- -- -- 
ε2 -- -- -- 
Friedel ε1 -- -- -- 
ε2 -- -- -- 
Lockhart-
Martinelli 
ε1 -- -- -- 
ε2 -- -- -- 
Gronnerud ε1 -- -- -- 
ε2 -- -- -- 
Muller ε1 -- -- -- 
ε2 -- -- -- 
Chisholm ε1 -- -- -- 
ε2 -- -- -- 
No. of Data -- -- -- 
10,000-100,000 Homogenous  ε1 41.77 56.67 29.16 
ε2 63.25 81.21 42.51 
Friedel ε1 13.56 -42.4 -85.94 
ε2 25.53 60.10 121.54 
Lockhart-
Martinelli 
ε1 468.61 405.2 171.69 
ε2 669.09 574.77 243.91 
Gronnerud ε1 4.83 -21.21 -76.04 
ε2 18.59 30.87 107.56 
Muller ε1 75.26 132.46 145.04 
ε2 109.85 188.26 205.98 
Chisholm ε1 70.70 72.08 30.93 
ε2 100.05 102.11 43.75 













Homogenous  ε1 -- -- -- 
ε2 -- -- -- 
Friedel ε1 -- -- -- 
ε2 -- -- -- 
Lockhart-
Martinelli 
ε1 -- -- -- 
ε2 -- -- -- 
Gronnerud ε1 -- -- -- 
ε2 -- -- -- 
Muller ε1 -- -- -- 
ε2 -- -- -- 
Chisholm ε1 -- -- -- 
ε2 -- -- -- 





Density Ratio Reynolds Number Correlations Mass Quality 
0.0-0.3 0.35-0.6 0.65-1.0 
10-100 10-1000 Homogenous  ε1 -9.74 3.03 -10.38 
ε2 22.31 8.35 13.86 
Friedel ε1 18.31 -31.69 -88.61 
ε2 25.35 45.26 109.3 
Lockhart-
Martinelli 
ε1 115.5 178.22 75.84 
ε2 152.02 219.03 105.7 
Gronnerud ε1 -21.27 -15.45 -79.05 
ε2 30.27 23.71 99.57 
Muller ε1 -22.02 19.21 86.39 
ε2 30.18 26.47 111.87 
Chisholm` ε1 126.24 189.36 111.46 
ε2 163.46 232.48 140.5 
No. of Data 4 3 3 
1000-10,000 Homogenous  ε1 8.12 16.19 -14.89 
ε2 25.6 30.82 18.7 
Friedel ε1 22.35 -47.25 -93.46 
ε2 46.16 52.74 94.81 
Lockhart-
Martinelli 
ε1 201.17 144.6 7.54 
ε2 213.34 166.27 21.8 
Gronnerud ε1 -52.12 -70.21 -94.76 
ε2 54.12 71.68 96.11 
Muller ε1 10.38 38.59 46.52 
ε2 28.17 50.15 52.01 
Chisholm ε1 113.93 86.73 -1.43 
ε2 126.38 99.82 12.47 
No. of Data 44 43 36 
10,000-100,000 Homogenous  ε1 -16.11 -35.24 -26.69 
ε2 67.51 47.96 32.53 
Friedel ε1 -0.02 -72.44 -92.21 
ε2 102.15 74.53 93.7 
Lockhart-
Martinelli 
ε1 114.64 38.97 9 
ε2 193.93 83.24 34.78 
Gronnerud ε1 -49.62 -70.54 -88.18 
ε2 60.65 72.54 89.9 
Muller ε1 -14.58 -19.74 22.12 
ε2 66.15 44.58 37.1 
Chisholm ε1 69.87 -5.6 -14.04 
ε2 181.98 52.59 26.98 
















Homogenous  ε1 -35.5 -66.74 -69.52 
ε2 48.44 68.97 71.17 
Friedel ε1 -24.14 -85.67 -96.14 
ε2 57.13 87.16 97.39 
Lockhart-
Martinelli 
ε1 65.51 -19.75 -49.81 
ε2 122.35 55.74 58.61 
Gronnerud ε1 -47.57 -83.94 -94.41 
ε2 56.04 85.62 95.7 
Muller ε1 -24.61 -58.31 -51.03 
ε2 48.08 63.89 55.77 
Chisholm ε1 4.96 -48.06 -62.64 
ε2 90.14 64.31 66.94 





Density Ratio Reynolds Number Correlations Mass Quality 
0.0-0.3 0.35-0.6 0.65-1.0 
100-1000 10-1000 Homogenous  ε1 -18.04 -- -- 
ε2 71.19 -- -- 
Friedel ε1 1.46 -- -- 
ε2 76.18 -- -- 
Lockhart-
Martinelli 
ε1 -53.88 -- -- 
ε2 64.4 -- -- 
Gronnerud ε1 -78.05 -- -- 
ε2 80.52 -- -- 
Muller ε1 -74.53 -- -- 
ε2 77.9 -- -- 
Chisholm ε1 -10.31 -- -- 
ε2 83.61 -- -- 
No. of Data 87 -- -- 
1000-10,000 Homogenous  ε1 -6 -14 -32.84 
ε2 35.45 31.82 36.42 
Friedel ε1 -17.04 -68.79 -93.51 
ε2 42.69 70.68 100.02 
Lockhart-
Martinelli 
ε1 -0.36 -13.97 -48.47 
ε2 44.52 33.06 52.92 
Gronnerud ε1 -57.5 -80.81 -95 
ε2 61.18 82.01 101.59 
Muller ε1 -23.14 -21.25 -16.21 
ε2 36.66 34.83 17.8 
Chisholm ε1 29.95 20.82 -31.06 
ε2 83.73 46.58 36.35 
No. of Data 243 57 8 
10,000-100,000 Homogenous  ε1 -18.66 0.91 -26.97 
ε2 60.03 33.75 32.57 
Friedel ε1 -1.46 -65.36 -90.92 
ε2 41.97 68.61 93.99 
Lockhart-
Martinelli 
ε1 42.71 -5.09 -41.8 
ε2 75.09 31.25 45.11 
Gronnerud ε1 -54.34 -78.37 -92.54 
ε2 56.57 79.31 95.61 
Muller ε1 0.48 6.67 -2.73 
ε2 51.9 32.9 19.68 
Chisholm ε1 84.07 37.31 -18.23 
ε2 111.8 54.69 25.84 
















Homogenous  ε1 -56.85 -- -- 
ε2 61.71 -- -- 
Friedel ε1 -41.91 -- -- 
ε2 54.1 -- -- 
Lockhart-
Martinelli 
ε1 -57.1 -- -- 
ε2 64.54 -- -- 
Gronnerud ε1 -75.55 -- -- 
ε2 76.97 -- -- 
Muller ε1 -61.41 -- -- 
ε2 65.09 -- -- 
Chisholm ε1 -62.31 -- -- 
ε2 68.29 -- -- 





Density Ratio Reynolds Number Correlations Mass Quality 
0.0-0.3 0.35-0.6 0.65-1.0 
1000-3000 10-1000 Homogenous  ε1 -- -- -- 
ε2 -- -- -- 
Friedel ε1 -- -- -- 
ε2 -- -- -- 
Lockhart-
Martinelli 
ε1 -- -- -- 
ε2 -- -- -- 
Gronnerud ε1 -- -- -- 
ε2 -- -- -- 
Muller ε1 -- -- -- 
ε2 -- -- -- 
 
Chisholm ε1 -- -- -- 
ε2 -- -- -- 
No. of Data -- -- -- 
1000-10,000 Homogenous  ε1 122.14 -25.85 -- 
ε2 184.92 57.7 -- 
Friedel ε1 126.81 -70.49 -- 
ε2 232.6 82.04 -- 
Lockhart-
Martinelli 
ε1 13.89 -61.86 -- 
ε2 72.54 72.36 -- 
Gronnerud ε1 -49.16 -83.15 -- 
ε2 58.1 92.21 -- 
Muller ε1 109.55 -18.84 -- 
ε2 167.15 55.07 -- 
Chisholm ε1 102.79 -27.77 -- 
 ε2 158.87 68.52 -- 
No. of Data 13 6 -- 
10,000-100,000 Homogenous  ε1 -20.59 -- -- 
ε2 75.68 -- -- 
Friedel ε1 29.11 -- -- 
ε2 120.13 -- -- 
Lockhart-
Martinelli 
ε1 -51.38 -- -- 
ε2 65.62 -- -- 
Gronnerud ε1 -72.74 -- -- 
ε2 75.03 -- -- 
Muller ε1 -26.43 -- -- 
ε2 71.88 -- -- 
Chisholm ε1 -53.29 -- -- 
ε2 75.08 -- -- 
No. of Data 95 -- -- 
100,000-1,000,000 Homogenous  ε1 -- -- -- 
ε2 -- -- -- 
Friedel ε1 -- -- -- 
ε2 -- -- -- 
Lockhart-
Martinelli 
ε1 -- -- -- 
ε2 -- -- -- 
Gronnerud ε1 -- -- -- 
ε2 -- -- -- 
Muller ε1 -- -- -- 
ε2 -- -- -- 
Chisholm ε1 -- -- -- 
ε2 -- -- -- 






Figures 5-a, 5-b, and 5-c show the assessment result in graphical form for better 
visualization for selected data sets. As seen from the figures, there is a large scatter in 
the prediction with the experimental data mainly underpredicted by the correlations 
(negative average error). 
 
Figures 6 – 11 present visual presentation of the correlation predictions’ compared 
with data at different flow conditions. This is done in order to determine the regions at 
which each correlation can predict better as well as Table 4. For instance at low-to-
moderate pressures and high mass fluxes, both Lockhart-Martinelli and Muller 
correlations apply better than other correlations, as demonstrated in Figure 6. For low 
pressure and low mass flux, the performance of correlations is acceptable for certain 
flow conditions and mass quality, but in other locations it is not, as indicated in Figure 

























Figure 6-a Comparison for calculated and measured two-phase frictional pressure gradient for Aube [47] and several correlations 






Figure 6-b Comparison for calculated and measured two-phase frictional pressure gradient for Aube [47]and several correlations, low 








Figure 6-c Comparison for calculated and measured two-phase frictional pressure gradient for Aube [47]and several correlations at 






Figure 6-d Comparison for calculated and measured two-phase frictional pressure gradient for Aube [47]and several correlations at 






Figure 7 Comparison for calculated and measured two-phase frictional pressure gradient for McMillan  [36] and several correlations at 






Figure 8  Comparison for calculated and measured two-phase frictional pressure gradient for Klausner [45] and several correlations at 






Figure 9  Comparison for calculated and measured two-phase frictional pressure gradient for Hashizume [40]and several correlations 






Figure 10  Comparison for calculated and measured two-phase frictional pressure gradient for Benbella [63] and several correlations at 






Figure 11-a  Comparison for calculated and measured two-phase frictional pressure gradient for Hashizume [44]and several 






Figure 11-b  Comparison for calculated and measured two-phase frictional pressure gradient for Hashizume [44] and several 







The LUT is basically a normalized data bank of experimental data collected from 
different resources.It was approved, as mentioned in the literature review chapter, that 
the LUT techniqueis the most powerful tool of predicting available with (~4-10 % 
RMS). The current LUT have wide range of flow conditions and engineering 
applications such as; oil transport, electric power generation, designing heat 
exchangers…etc. Moreover,the usage of this table is very easy to handle and its 
prediction supersedes any correlations available.More information of the construction, 
usage…etc will be presents in this chapter. 
 
5.2. Selecting Dimension, Parameters and Ranges of the Look-up 
Table 
5.2.1. Dimension and Flow Parameters  
The selection of the dimension of the table has been determined as 
( )zyxfLo ,,2 =φ          (23) 
where x, y and z represent flow parameters.A closer look at the prediction techniques 





used, it was concluded that 2Loφ  is a unique function (local condition function) of 
pressure (p), mass flux (G) and mass quality (x). 
 
Selecting these three parameters will take care of all other parameters not listed. All 
saturated properties can be handled by saturated pressure for single component fluid 
(heated or unheated). For two components fluids, pressure is also a main parameter to 
determine all properties such as density and viscosity. The mass flux is a good 
measure as the flow channel hydraulic diameter effect is reduced. However a separate 
correction factor might be needed to predict the diameter effect on pressure drop.  The 
selection of mass quality gives an indication of the fractions of each phase which is 
necessary to calculate the average properties of the fluids. 
 
Looking at 2Loφ , one can see that as dimensionless number, its value is universal which 
makes it applicable using any fluid. The final frictional pressure drop value will 
depend then on the single phase frictiona l pressure drop which depends on the fluid 
itself and the three parameters selected for predicting the multiplier. The problem lies 
in calculating the multiplier itself as the working fluids should be determined to get 
the properties. This might affect its use for different fluids which requires a correction 
to generalize its use. As a result of that and with the sacristy of water pressure drop 
experimental data it was decided to make a look-up table with dimensionless flow 
parameters. For example in fluid modeling, El Nakla (2011) used dimensional 





liquid and gas and Reynolds number denotes the mass flux. The results of El Nakla 
(2011) are consistent with the results of Bruce (1972) for modeling pressure for two-
phase pressure drop. 
The skeleton table was then constructed such that 

























5.2.2. Range of Application of the Look-up Table  
The look-up table was subdivided based on the selected flow parameters as the 
following, 
Density ratio:   1500; 900; 600; 300;  200;  150;  100;  80;  60; 
   40;  30; 20; 13;  10; 7; 5.5; 4; 2.5. 
Reynolds No.:  100;  200;  400;  600; 
   1,000;  2,000;   4,000;  6,000; 
   8,000;  10,000; 20,000; 40,000; 
   60,000; 80,000; 100,000; 150,000; 







Mass quality:  0.00; 0.05; 0.10; 0.15; 0.20; 0.25; 0.30; 0.35; 
   0.40; 0.45; 0.50; 0.55; 0.60; 0.65; 0.70; 0.75; 
   0.80; 0.85; 0.90; 0.95; 1.00 
 
The corresponding saturated equivalent pressures of the above density ratio values for 
water and R134a are shown in Table 5. These values are just for reference and one 
can get the actual values of pressure by applying iteration techniques for the fluid 
under consideration. 
 
As for mass qualities of 0.00 and 1.00 the flow is single phase liquid and single phase 
gas, respectively, the table entries of the frictional pressure drop multiplier 
corresponding to these values were set to unity. Table 6 shows a part of the skeleton 
table generated from best prediction correlations. 
 
Table 5 Equivalent saturated pressures corresponding to water and R134a 
 
Density ratio Water equivalent pressure, MPa R134a equivalent pressure, MPa 
1500 0.103 0.015 
900 0.185 0.029 
600 0.28 0.044 
300 0.57 0.088 
200 0.86 0.133 
150 1.15 0.175 
100 1.7 0.263 
80 2.11 0.327 
60 2.76 0.428 
40 3.98 0.625 
30 5.09 0.805 
20 7.07 1.37 
13 9.69 1.59 
10 11.51 1.913 
7 14.15 2.41 
5.5 15.925 2.755 
4 18.12 3.2 





Steps of building a LUT start with constructing a skeleton table from best available 
prediction methods based on Error Mapping table. Then experimental data are used to 
update the skeleton table. The updating process results in improving the prediction 
accuracy of the table by bringing the table values closer to actual values. As a final 
step, the updated table is smoothed to eliminate discontinuities between the regions of 
the correlations and experimental regions. The following steps are summarizing the 
construction of the Look -Up-Table; 
1. A FORTRAN program, which is the most accurate computer language and 
most used in the industry, for each correlation has been done. Each one of 
them represents a skeleton table. 
2. Around two thousands and ninety one experimental data po ints have been 
collected from the literature for variant pipe diameters and fluid flow 
condition.  
3. First usage of the experimental data points is to assess which one of the 
correlations predicted better that other. For this purpose, an Error Mapping has 
been built and divided into sub-regions to obtain best accuracy of results.  
4. Based on Error Mapping table, a new skeleton table has been built which 
guarantee using the suitable correlations in the suitable regions. 
5. Second usage of the experimental data points is to update the new skeleton 
table. This action modified the entries of the table and makes them more 
actual. 
6. Smoothing program is needed to eliminate the discontinuities and irregularities 





7. An error assessment between Look-Up-Table and experimental data is needed 
to judge on the performance of this new techniques. 
 
5.3. Constructing skeleton Table 
The correlations explained in chapter 4 were used along the error mapping of Table 4 
to assign a correlation for each sub-range of the table. The selection was based on the 
best prediction of the available data in that sub-range. The final skeleton table was 
constructed based on homogeneous model, Chisholm (1973) correlation, Muller-
Steinhagen and Heck (1986) correlation, Grönnerud (1972) correlation, and Friedel 
(1979) correlation 
 
Six-skeleton tables were constructingby using a standard programming language (e.g. 
FORTRAN software). Each one of these skeleton tables represents one of the two-
phase pressure drop multipliers (Φ2LO) correlations, and the prediction accuracy of 
these skeleton tables was examined against the experimental data and error mapping 
table was generated as shownearlier. Only one skeleton table, which predicts the value 
of two-phase pressure drop multiplier (Φ2LO), is resulted from this comparison which 
is a combination of the six-skeleton tables.The important of the resulted skeleton table 
is to provide the initial estimate of the LUT two-phase frictional pressure drop 
multiplier values.  
 
The two-phase frictiona l pressure drop multiplier (Φ2LO) presented as a function of 





Number (RE)at 100.0-1,000,000.0, and mass quality (x)at 0.0 – 1.00 for pipe diameter 
of ranges 2.0-90.0 mm. These flow parameters and the ranges of flow conditions both 
will assure the generality of the LUT for any kind of flow distribution, pipe 
diameter,physical properties, pipe orientation…etc. The LUT is based on database of 
two thousands and ninety one were collected from 18, data setsand provides the LUT 
values at 21 density ratios, 21 Reynolds number, and 21 mass qualities.So, the 
skeleton tables were constructed based on these flow parameters, and the regions were 
chosen to cover the existing experimental data and any experimental data available in 
the future.Figure 12 demonstrates the mechanism of constructing the skeleton table 
program. 
 
In order to obtain one skeleton table out of six skeleton tables an error mapping table 
was used. The results of the assessment between these tables and the experimental 
data were presented in Table 4. This table is divided density ratio into four ranges, 
Reynolds number into four ranges, and mass quality into three ranges.  Two types of 
error relations used to distinguish between correlations. One of them is the relative 
error which gives an indication of the data scattered around the correlations. The other 
one is the root-mean squared error which gives the error between LUT entries and the 
actual values. The methodo logy followed to construct the error mapping program is 



















Read input file for 
water properties. 
Calculate Two-Phase Multiplier by using six 
models as followed  
Choosing the data from the input file 
within the range of step (2) 
Define the ranges for Density Ratio (DR), Mass 































 Read the input file which contains 
the experimental and calculated 
data. 
Calculate the Average error, and root-mean 
squared error for each correlation.  
 Check if the da ta in the input file is 
within the range of step (2) 
Define the ranges for Density Ratio (DR), Mass 
Quality (x), and Reynolds Number (RE). 
 
Outputting the results in terms of best 
correlation for each ranges in step (2) 
STOP 








Now, for each ranges of density ratio, Reynolds number, and mass quality, one 
correlation with least error for the two-phase frictional pressure drop multiplier is 
nominated to be used in the ske leton table. Moreover, the values of the skeleton table 
wereused for evaluating the slopes of two-phase frictional pressure drop multiplier 
versus density ratio, mass flux, and mass quality.For the ranges with no experimental 
data, Homogenous model is chosen. 
 
Table 6represents a sample of the skeleton table which is a combination of best 
correlations.This table presented is a result of error mapping table (table 4). Values in 
the skeleton table for density ratio of 1000-3000, Reynolds Number of 2000-10000, 
and mass quality of 0.0 - 0.3 are predicted using Gronnerud correlation [24] with 
green color. For same ranges of density ratio and Reynolds number but for mass 
quality of 0.35 - 0.6 are predicted using Muller correlation [23] with pink color. It is 
clearly shown in this table that the discontinuity and irregularities are there due to 













Mass Quality (x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
1500 100 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 200 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 400 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 600 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 1000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 2000 1 17.80 41.25 70.34 104.64 143.83 187.71 716.03 832.63 955.01 1083.89 1220.00 1364.06 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 4000 1 21.75 50.70 86.63 128.98 177.37 231.55 485.00 563.93 646.77 734.02 826.16 923.69 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 6000 1 25.92 60.69 103.85 154.72 212.85 277.93 485.00 563.93 646.77 734.02 826.16 923.69 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 8000 1 29.91 70.27 120.35 179.37 246.82 322.33 485.00 563.93 646.77 734.02 826.16 923.69 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 10000 1 33.70 79.34 135.97 202.72 279.01 364.41 485.00 563.93 646.77 734.02 826.16 923.69 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 20000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 40000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 60000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 80000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 100000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 150000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 200000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 400000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 600000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 800000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1500 1000000 1 59.91 107.25 149.18 187.75 223.97 258.39 291.38 323.20 354.02 383.98 413.19 441.74 469.68 497.09 524.01 550.47 576.52 602.18 627.49 0 
1300 100 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 200 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 400 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 600 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 1000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 2000 1 15.01 34.57 58.85 87.46 120.15 156.75 602.46 700.54 803.49 911.91 1026.40 1147.59 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 4000 1 18.14 42.07 71.76 106.75 146.74 191.51 408.09 474.48 544.16 617.55 695.05 777.09 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 6000 1 21.51 50.13 85.65 127.52 175.36 228.92 408.09 474.48 544.16 617.55 695.05 777.09 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 8000 1 24.75 57.89 99.03 147.51 202.91 264.93 408.09 474.48 544.16 617.55 695.05 777.09 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 10000 1 27.83 65.27 111.74 166.50 229.08 299.14 408.09 474.48 544.16 617.55 695.05 777.09 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 20000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 40000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 60000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 80000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 100000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 150000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 200000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 
1300 400000 1 50.17 89.93 125.20 157.66 188.15 217.13 244.91 271.70 297.65 322.87 347.47 371.50 395.04 418.11 440.78 463.06 484.99 506.60 527.91 0 





5.4. Updatingthe Skeleton Table 
All experimental data were tabulated having the same format. The flow conditions 
were presented in non-dimensional form (de nsity ratio (DR), Re, x) to be consistent 
with the skeleton table. The updating process was performed by replacing the two-
phase frictional pressure drop multiplier from the skeleton table by a weighted 
experimental value for the same flow conditions and leaving the table values 
unchanged where there are no experimental values. This process is the main step in 
improving the prediction accuracy of the table. The resulting updated table will have a 
better prediction for the regions where experimental data exist and will predict as 
good a s correlations in the regions where experimental data are scarce. 
 
5.4.1. Procedure of Updating 
Each experimental frictional multiplier value ( )oLooLo xDR ,Re,2φ  was used to generate 
the table 2Loφ  values at eight matrix conditions surrounding ( )oLoo xDR ,Re, . Figure 6 
illustrates the definition of the matrix conditions surrounding the experimental data 
point. The following steps were required in generating the new table 2Loφ values: 
 
1. Correction for differences in DR, Re, and x conditions. The experimental 2Loφ  
values ( )oLooLo xDR ,Re,2φ  were extrapolated to the surrounding matrix 






( )( ) ( )( ) 222 ,Re,,Re, LoooLoLonkjLiLo xDRxDR φφφ ∆+=    (28) 
where 












φφφφ  (29) 
where: 
( ) kjLi xDR ,Re, : are adjacent matrix conditions and the differential values are 
obtained from the skeleton table. 
 
2. Calculation of weight factor. Figure 14 shows the conditions of an 
experimental 2Loφ  value enclosed in a box with corner points represent the 
2
Loφ  
table conditions. Weight factors were assigned to the experimental 2Loφ value, 
extrapolated to each of the surrounding eight corner points. The table point 
closest to the experimental conditions should receive more weight than the 
more distant ones. In order to account for that the weight contribution to the 
2
Loφ  table value at each corner of the box was made proportional cube root of 
the volume of the diagonally oppos ite sub-box. After the proportions of all 
eight weights had been calculated, the final weight factors Wi,j,k were obtained 





Figure 14 Presentation of experimental data point surrounded by table matrix points 
(DRo, Reo, xo) 
(DRi, Rej+1, xk) 
(DRi+1, Rej+1, xk) 
(DRi, Rej, xk+1) 
(DRi, Rej, xk) 
(DRi+1, Rej+1, xk+1) 
(DRi+1, Rej, xk+1) 











3. Evaluation of the new table 2Loφ  value. Using the extrapolated experimental 
2
Loφ values and weight factors, the new 
2
Loφ  table values were found from 
( )( )

























φ              (30) 
where N is the total number of data points adjacent to the table point (DRi, Rej, 
xk), i.e., the number of data points falling in the range DRi-1 – DRi+1, Rej-1 – 
Rej+1, xk-1 – xk+1, and n refers to the individual data points in that range. 
 
4. The weighted average 2Loφ  thus calculated replaced the skeleton table 
2
Loφ  
value at matrix conditions adjacent to experimental 2Loφ  values. In the regions 
of the 2Loφ  table where matrix conditions did not have adjacent data points, the 
original 2Loφ  table value (correlation value) was maintained.  
 
Table 7 shows statistics on the experimental data used to perform updating of the 


















Table 7 Summary of experimental data used in upda ting the skeleton table 
 
Parameter Selection Criteria 
Total number of experimental data 2091 
Number of data sets 18 
Pipe diameter (mm) 2.0 < D < 90.0 
Pressure Range (MPa) 0.1 < P < 21 
Density Ratio (DR) 2.5 < DR < 1,500 
Mass flux G (Kg.m-2.sec-1) 2.05 < G < 20,000 
Reynolds Number (Re) 100 < Re < 1,000,000 
Mass quality (x) 0.0 <  x < 1.00 
Flow circumstances  Single component-Adiabatic only 
Total Number of data used to after 
removal criteria 
1177 
















Figure 15flow chart for updating the skeleton table with experimental data 
 
 
Define the ranges of 
DR, x, and RE. 
 
Initialization 
Read the new-skeleton table. 
Initialization a table, which looks like the format 
of skeleton table, with zero entries for the 
purpose of data counts. 
Choosing the data from the input file 
within the range of step (2) 
Define the ranges for Density Ratio (DR), Mass 
Quality (x), and Reynolds Number (RE). 
 




Check the behavior of 
the skeleton table entries 
 
Call Vertex-subroutine  
 





Continue Updating process 
 
Print the experimental data 
used in updating process 
 
Print the Look -Up-Table 
 




Check line by line if the 
experimental data within 
the ranges of step (2) 
 No 
Yes 
Check if the slop parameters 






5.5. Smoothing the Updated Table 
The three-dimensional table-smoothing method by Huang and Cheng (1992) was 
employed to smooth table entries after updating. The smoothing procedure corrected 
table entries in question considering the adjacent table entries and concept of 
weighting factor. Although, this procedure modifies slightly the table entries 
established by experimental data, it creates continuous smooth multidimensional 
surface (see Figure 8). The slight deterioration of accuracy brings benefits in trouble-
free application of the 2Loφ look-up table in iteration procedures during calculations. 
 
The smoothing process is performed by fitting the table’s grid points in a polynomial. 
This can be controlled by three parameters, which are (i) number of points in each 
smoothing step, (ii) order of the polynomial, and (iii) a weight factor to control 
smoothing. Optimizing the table requires several updating and smoothing steps to be 
performed to minimize the error in prediction and to reduce discontinuities. After each 
time smoothing is performed (by controlling the three above mentioned parameters), 
visual inspection of the whole table is performed to assure consistency which is 
followed by calculating the error in prediction (see Section 5.6.). 
 
A smoothing program was prepared in order to eliminate the discontinuities and 
irregularities between correlations and experimental regions in the three parametric 
ranges: density ratio, Reynolds number, and mass quality. This discontinuities and 





boundary which located between regions shows discontinuities and irregularities. This 
regions happen due to the presence of the correlations data points and the 
experimental data points adjacent to each other, and other regions contains the 
experimental data sets adjacent each other. 
 
Smoothing program, which developed by Huangand Cheng  [72], aimed to strengthen 
the experimental data entries in the updated table by considering their weights, 
comparing with correlation data points entries which have zero weight. The principle 
of the smoothing method which described by D.C.Groeneveld [73]“is to fit three 
polynomials to six table entries in each parametric direction. The three polynomials 
intersect each other at the table entry, where the two-phase frictional pressure drop  
multiplier value is then adjusted.  This resulted in a significant improvement in the 
smoothness of the LUT”.Furthermore, the correlations data points are modified to 
eliminate as much as possible the discontinuities and irregularities occurring due to 
updating process. At this stage, a look-up-table with its final shape is resulted. Figure 
16 shows the procedure of constructing the smooth program.The smoothed table is 






Figure 16flow chart for Smoothing the Look-Up-Table 
 
5.6. Look-Up-Table Assessment 
After the look-up-table being smoothed, the LUT entries are ready to be used in the 
error assessment program. The beginning of the program, as previous ones, starts with 
initialization of the parameters and defining the ranges of density ratio, mass quality 
and Reynolds number. The error program aimed to calculate the percentage error 
 
Define the left and right 
hand side of the data 
points in DR direction, 




Read the Look-Up-Table 
Read the data-count table which will be used to build the weighting coefficient. 
Checking increasing trend in quality direction 
Define the ranges for Density Ratio (DR), Mass Quality (x), and Reynolds Number (RE). 
 
Initializing the smoothes table by dividing it into sub-regions based on DR, x, RE 
Check the ranges of x(i), and RE(k) 
STOP 
Call Gauss-Jordan 
elimination method to 
solve the linear algebraic 
equation 
 
Define the degree of Polynomial  
Call MOV3D-subroutines 
with parameters for each 
sub-region 
Check if the MOV3D 
parameters within the 
range 
Check and correct the 
fluctuating trend in G-
direction 







between the LUT entry and the experimental data which have same flow conditions. 
The percentage error in prediction of each data point is calculated as presented 
previously in Equation 16.  
The program then calculated the average error (ε1), and root-mean-squared (RMS) 
error (ε2), as presented previously in Equations 17 and18. The results of assessment 
are summarized in Table 8. More detailed table is presented in the appendix B. The 
algorithm of this program is shown in Figure 17. 
 
 
Table 8 Part of the data assessment of LUT 
 
D DR ReL x 
Total 




e Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.04666 239.69 8954.2 0.46677 81.8784 165.474 57.10 63.98 12.054 
0.04666 237.4 10920.7 0.37686 99.5813 165.474 42.48 42.54 0.137 
0.04666 237.4 12469.1 0.32959 113.7011 165.474 35.98 40.67 13.055 
0.04666 235.11 13792.3 0.29701 125.4588 165.474 31.38 38.42 22.440 
0.04666 230 14895.2 0.27091 135.4913 165.474 27.47 35.71 30.017 
0.04666 232.93 16019.7 0.25443 145.3115 165.474 24.85 34.46 38.658 
0.04666 232.93 16982.4 0.23949 154.0435 165.474 21.92 32.48 48.194 
0.04666 232.05 17908.3 0.22751 162.2712 165.474 20.01 30.46 52.229 
0.04666 230.72 18752.7 0.21561 169.6231 165.474 20.07 28.13 40.142 
0.04666 230.72 19556.7 0.20645 176.8953 165.474 19.68 26.21 33.150 
0.04666 230.72 20319.6 0.19841 183.796 165.474 19.38 24.78 27.886 
0.04666 230.72 21050.2 0.19138 190.4047 165.474 18.21 24.23 33.016 
0.04666 228.56 21728.8 0.18221 196.0579 165.474 17.63 23.01 30.527 
0.04666 228.56 22349.5 0.17452 201.6581 165.474 17.88 22.23 24.297 
0.04666 230.82 22811 0.16649 206.9132 165.474 17.09 21.61 26.468 
0.04666 239.13 22458.5 0.16289 213.6016 165.474 14.97 22.18 48.117 
0.04666 239.33 22682.1 0.14922 216.8131 165.474 17.01 20.42 20.054 
0.04666 226.55 11233.3 0.57023 101.4654 165.474 79.47 89.18 12.219 
0.04666 224.54 13224.9 0.48042 119.3275 165.474 63.96 62.75 -1.898 
0.04666 223.62 14758 0.42654 132.7838 165.474 61.60 57.19 -7.173 














Read the Smoothed-LUT file. 
Read the Experimental data file. 
Define the ranges for Density Ratio (DR), Mass 
Quality (x), and Reynolds Number (RE). 
 
Call Interpo lation-subroutine to calculate the exact 
value for Smoothed-LUT  
STOP 
Calculate the Percentage error between 
experimental data and predicted value obtained 
from pr evious step 
 
Calculate the Average error and Root-Mean 
Squared error 




Check line by line if the 
experimental data within 








In accordance to Chapter 3,  the LUT entries were processed and assessed against 
experimental data points. In addition to that LUT entries were compared with the 
prediction of six leading correlations. This step was necessary to judgewhether the 
LUT is predicting better than the correlations or not. Average error and Root-Mean-
Squared error was calculated to resolve the result. Moreover, visual presentation was 
presented to obtain an idea of the effectiveness of the LUT against the experimental 
data and the correlations. 
 
Figure18 shows the assessment result in graphical form for better visualization for 
selected data sets. As seen from the figure, there is a small scatter in the prediction 
with the experimental data within percentage error ±30%. 
The results of assessment for the LUT and the correlations against all data sets are 
summarized in Table 9. It can be seen from the table that LUT shows the best overall 
prediction accuracy (least root-mean-squared error) among other correlations.  
 
Figures 19-23 show the capability of the LUT to predict in all flow conditions 
circumstances. Also,  these figures show that the LUT has a very good trend and the 
irregularities and discontinuities are disappeared.   
 
Figures 24-26 give a visual presentation of the performance of the LUT against the 
correlations at different flow conditions. These figures show that the LUT is better in 










Table 9 Statistical comparison Between LUT, Correlations, and experimental results 
in terms of percentage errors 
   Correlations 
Fluids 








R-11 ε1 6.9 24.1 -42 19.9 -72.1 26.6 41.6 115 [36] 
ε 2 17.88 65.8 71.4 69.5 74.7 56.1 64.5 
R-12 ε1 8.72 6.5 -21.2 163 -60.3 29.7 81.9 170 [40] 
ε 2 18.56 21.7 65 190.1 65.7 39.07 104.7 
Argon ε1 30.8 20.4 46 188.7 -34.4 29.5 152.4 84 [23] 
ε 2 73.62 78.5 148 270.1 56 79.4 250.5 
Steam-
Water 
ε1 42.75 -16.7 7.06 134 -30.3 2.66 83.5 50 [44] 
ε 2 77.19 36.5 57.4 180 41.2 41.8 128 
R-11 ε1 13.96 -4.34 -34.15 14.9 -68.16 -21.8 71.8 293 [45] 
ε 2 40.54 35.5 50 51 70.1 35.1 102.2 
Steam-
Water 
ε1 6.87 -36.3 -40.2 23.7 -49.3 -24.2 -47.8 84  
ε 2 17.11 38.9 43.1 40.5 51.2 31 50.7 
Air-
Water 
ε1 11.88 -14.13 -17.36 -18.87 -43.48 -11.02 -26.12 64 [54] 
ε 2 28.86 22.83 37.3 23.28 44.77 18.17 33.68 
Air-
Water 
ε1 -9.38 -71.3 -83 -32.1 -86.4 -63.9 -58.7 80 [63] 
ε 2 17.85 72.6 85.6 37.3 88.1 65.4 60.6 
Total 
ε1 12.38 -11.4 -32.2 47.8 -62.3 -8.33 40.22 
940 












Figure 19Comparison for calculated and measured two-phase frictional pressure gradient for Aube [47]and LUT at low to medium 






Figure 20Comparison for calculated and measured two-phase frictional pressure gradient for McMillan  [36] and LUT  at low pressure 






Figure 21Comparison for calculated and measured two-phase frictional pressure gradient for Klausner [45] and LUT at low pressure 






Figure 22Comparison for calculated and measured two-phase frictional pressure gradient for Hashizume [44]and LUT at high pressure 






Figure 23Comparison for calculated and measured two-phase frictional pressure gradient for Benbella [63] and LUT at low pressure-






Figure 24 Comparison be tween  measured two-phase frictional pressure gradient for Aube [47],LUTand six cor relations at medium 






Figure 25 Comparison be tween  measured two-phase frictional pressure gradient for Hashizume [44],LUTand six correlations at 






Figure 26 Comparison be tween  measured two-phase frictional pressure gradient for McMillan [36],LUTand six correlations at 






As indicated early in this chapter that the RMS-error for the smooth LUT is 38.87 %. 
So, the LUT prediction is superseding the skeleton table and any existing correlation 
with RMS-error equal to 7.0 % lower. For more details, Figures 27-29 give a visual 
presentation of the pe rformance of the smooth-LUT against the updated-LUT, 
ske leton-LUT, and experimental data sets at different flow conditions. These figures 
show that the LUT is better in prediction than the skeleton-LUT, which represent the 
correlations considered in this research. Moreover, these figures provide an indication 
that the discontinuities and irregularities which existed in the updated-LUT have been 
removed in the smoot h-LUT.    
Table 11 presents the amount of LUT’s cells occupied by experimental data 
comparing with the LUT’s cells occupied by correlations.   
 
Figures 30-32 give a visual presentation of the performance of the LUT against the 
experimental data, which taken from different references, at different flow conditions. 
These figures show the effect of density ratio, Reynolds number, and mass quality on 
the two-phase frictional pressure drop multiplier. As mass quality increases the two-
phase frictional pressure drop multiplier will increase, as shown in Figure 30. Same 
effect shown in Figure 32 for density ratio. Figure 31 shows an inverse relation 







Table 10Statistical Comparisons between LUTs, and experimental results in terms of 
percentage errors 











R-11 ε1 6.9 0.901 4.26 115 [36] 
ε 2 17.88 7.7 52.82 
R-12 ε1 8.72 -0.31 10.06 170 [40] 
ε 2 18.56 6.26 23.1 
Argon ε1 30.8 7.06 21.03 84 [23] 
ε 2 73.62 26.52 73.3 
Steam-
Water 
ε1 42.75 33.6 -15.8 50 [44] 
ε 2 77.19 62.1 36.3 
R-11 ε1 13.96 11.32 -21.44 293 [45] 
ε 2 40.54 35.21 36.84 
Steam-
Water 
ε1 6.87 0.68 -27.61 84  
ε 2 17.11 5.89 34.04 
Air-
Water 
ε1 11.88 0.48 -29.18 64 [54] 
ε 2 28.86 7.03 34.07 
Air-
Water 
ε1 -9.38 -2.96 -70.58 80 [63] 
ε 2 17.85 13.94 72.24 
Total ε1 12.38 5.8 -13.78 940 
ε 2 38.87 26.18 44.95 
 
 
Table 11 Summary of experimental data used in LUT 
 
Parameters Items 
Total Number of data used for purpose of Updating 1170 data Points 
Total Number of Experimental data used in LUT after applying 
Updating Program 
7520 data points 
Total Number of cells occupied by experimental data 1341cells 
Total Number of LUT’s cells  9261 cells 









Figure 27 comparison between experimental, smoothed-LUT, updated-LUT, and skeleton-LUT for two-phase frictional pressure drop 







Figure 28 comparison between experimental, smoothed-LUT, updated-LUT, and skeleton-LUT for two-phase frictional pressure drop 
gradient for Klausner[45] at density ratio (DR) = 145.39, Reynolds Number  (Re)= 10,000, pressure (P) = 0.17 MPa, and mass flux 






Figure 29 comparison between experimental, smoothed-LUT, updated-LUT, and skeleton-LUT for two-phase frictional pressure drop 
gradient for Hashizume[44] at density ratio (DR) = 10.74, and Reynolds Number  (Re)= 342,953.9021, pressure (P) = 11.0 MPa, and 






Figure 30 comparison between experimental and LUT for two-phase frictional pressure drop multiplier; solid symbols, represent 






Figure 31 comparison between experimental and LUT for two-phase frictional pressure drop multiplier; solid symbols, represent 






Figure 32 comparison between experimental and LUT for two-phase frictional pressure drop multiplier; solid symbols, represent 







6.1. Procedures of using the LUT 
The following steps give an explanation on how to use the LUT; 
 
1- For each experimental data sets mass quality (x), pressure (P), density for 
liquid and gas ( Lρ & Gρ ), Viscosity for liquid and gas ( Lµ & Gµ ), Pipe 





































































        (32) 
where: 
f : Friction factor. 
GTot: Total mass flux. 








=Re         (33) 
where: 
Lµ : Viscosity for liquid-phase. 
 





=          (34) 










2- The LUT two-phase frictional multiplier 2 ,LUTLOφ can be obtained by knowing 
the three parameters which are:density ratio (DR), ReL, x, which can be 






















=                      (38) 
 
6.2. Examples on how to use the LUT 


















McMillan’s experimental data [36] in a horizontal flow of an R-11 in a 46.66 mm pipe 
diameter. The total mass flux of Freon flow is 81.87 Kg.m-2.sec-1, and the mass quality 
is 0.4667, and the total two-phase frictional pressure drop is 85.76 Pa.m-1, the relevant 
physical prosperities are: 
Lρ  = 1475 Kg.m
-3    Gρ  = 6.15 Kg.m
-3 
Lµ  = 0.000427 N.sec.m
-2   Gµ  = 0.000013085 N.sec.m
-2 
Also compare the results with Homogenous correlation, Friedel correlation, Lochkart-
















Reynolds number greater than 2000 that’s means the flow is turbulent and the friction 








































SP ρ  





























Now, the LUT two-phase multiplier obtained as following; 
x = 0.4667, 












Using the table in Appendix A, and do ing three dimensional interpolations. The LUT 
two-phase multiplier is: 



































Compa risons between Experimental, cor relations, and LUT: 
Table 12 Summary of single-phase flow example 
 
   Correl.  
Items 














85.76 95.97 108.13 140.4 150.3 158.1807 202.38 154.01 
% Error 
 
-- 11.905% 26.08 % 63.71% 75.256 84.45% 136.0 % 79.58% 
 
 

















  for Zhang et 
al. unified model[74] in hor izontal flow of an Air-Water in a 76.2 mm pipe diameter. 
The total mass flux of the flow is 701.5 Kg.m-2.sec-1, and the mass quality is 0.0 0214, 





Lρ  = 1000.0 Kg.m
-3    Gρ  = 3.00 Kg.m
-3 
Lµ  = 0.001 N.sec.m
-2    Gµ  = 0.000018 N.sec.m
-2 
Also compare the results with Homogenous correlation, Friedel correlation, Lochkart-
Martinelli correlation, Grönnerud correlation, Muller Correlation, and Chisholm 
correlation. 
Solution: 










Reynolds number greater than 2000 that’s means the flow is turbulent and the friction 
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Now, the LUT two-phase multiplier obtained as following;  
x = 0.00214 









Using the table in Appendix A, and do ing three dimensional interpolations. The LUT 
two-phase multiplier is: 



































Comparisons between correlations and LUT: 
Table 13 Summary of two-phase flow example 
 
   Correl.  
Items 
Zhang et al. 
(2006) 














90.02 114.07 108.92 114.07 126.83 101.156 117.10 114.75 










This research topic focuses on constructing a look-up table to predict two-phase 
frictional pressure drop multiplier with accuracy superseding existing prediction 
techniques.  
The LUT covers wide range of flow conditions of density ratio, Reynolds number, and 
mass qualities where different flow regimes exist.   
The study is accomplished as follows: 
• Wide literature survey was performed in order to better understand the way 
available prediction techniques are performing.  
 
• Along with literature survey, data collection process was initiated and 
categorized according to the flow conditions. Many of the data are shown as 
graphical form which required scanning and extracting the data using 
precession extraction software. 
 
• Data were tested and compared together as they come from different sources. 
Also a comparison between data and available prediction techniques was 
performed in order to determine the flow conditions at which each model 




• Skeleton table was constructed based on homogeneous model, Chisholm 
(1973) correlation, Muller-Steinhagen and Heck (1986) correlation, Grönnerud 
(1972) correlation, and Friedel (1979) correlation.  
 
• Updating skeleton table was done by replacing the experimental data point 
with skeleton table entries. 
 
•  Smooth program was applied on the updated table in order to remove the 
irregularities and discontinuities between experimental data points and 
correlations data points. 
 
• Error assessments between the LUT and experimental data points were applied.  
Error assessment between the correlations and LUT was generated. 
 
• The results of assessment for the LUT and the correlations against all data sets 
are summarized in Table 7. It can be seen from the table that LUT shows the 
best overall prediction accuracy (least root-mean-squared error) among other 
correlations. 
 
The LUT technique has many advantages over the correlations chosen for the 
comparisons, e.g., the LUT is simple to use, wide range of application, and it 
constructed based on a quit large database. Future work built on this study can do by 
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2 Appendix A 
 














     
DR Re 
Mass Q uality ( x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
1500 100 1 56.0598 102.7293 145.7425 185.1947 223.9028 259.127 297.9428 330.2861 361.1154 393.082 424.3879 454.0168 514.1696 551.8805 574.6682 577.772 554.2448 498.9505 413.2216 1 
1500 200 1 56.0599 102.7294 145.7428 185.2104 223.905 259.1496 298.0416 330.458 361.3381 393.252 424.5697 454.3527 514.1127 551.8062 574.5922 577.678 554.2362 499.0527 413.5829 1 
1500 400 1 56.0603 102.7296 145.7433 185.2171 223.8826 259.1719 298.2414 330.8088 361.7947 393.5953 424.9331 455.0384 513.9976 551.6552 574.4354 577.4824 554.2161 499.2547 414.303 1 
1500 600 1 56.0607 102.7298 145.7439 185.2157 223.8461 259.1841 298.4424 331.1674 362.2665 393.9413 425.2948 455.7403 513.8813 551.502 574.2769 577.2785 554.1926 499.4529 415.0171 1 
1500 1000 1 56.0615 102.7303 145.745 185.2122 223.7576 259.2023 298.8449 331.9019 363.2473 394.6335 426.0033 457.1805 513.6472 551.1951 573.9595 576.8463 554.1322 499.833 416.408 1 
1500 2000 1 56.0634 102.7314 145.7479 114.8945 264.9319 440.2334 631.9788 758.4268 848.9355 902.6346 919.7193 902.4994 859.3716 774.8469 677.2904 577.1952 483.8961 405.964 364.8693 1 
1500 4000 1 56.0671 102.7336 145.7536 136.1022 230.2383 338.0634 456.7236 542.2582 607.5932 648.5313 672.9164 685.7589 685.8201 663.2185 626.7832 576.9901 520.9301 455.3424 393.8775 1 
1500 6000 1 56.0709 102.7359 145.7593 157.5187 250.8535 357.1038 471.2577 554.6851 617.0746 651.6891 671.7596 684.5527 684.7783 663.05 627.6946 577.2147 522.1182 455.4605 389.7217 1 
1500 8000 1 56.0747 102.7381 145.765 176.6838 269.5558 373.7704 484.9541 564.6869 623.6454 654.4746 670.8609 680.9583 681.8899 661.3709 627.3698 578.605 524.7832 458.1794 391.0937 1 
1500 10000 1 56.0785 102.7403 145.7707 171.3874 240.7689 315.4851 396.3809 463.1318 526.4817 554.1774 565.9307 583.7577 576.8683 561.6962 533.451 487.5701 435.4453 367.1711 298.825 1 
1500 20000 1 56.0974 102.7515 145.7991 141.4917 174.1062 209.9579 252.6062 290.739 341.9972 371.8412 400.2585 443.8543 467.9579 493.3184 505.0291 494.0044 467.4122 410.6048 333.8776 1 
1500 40000 1 56.1352 102.7738 145.856 154.3133 199.4287 247.8055 301.4966 343.8914 387.462 409.0357 431.1185 476.5637 527.0011 564.3622 587.3999 589.17 572.2825 521.4949 440.713 1 
1500 60000 1 56.1731 102.7961 145.913 116.5033 158.7359 204.9379 259.2458 306.3754 352.3892 389.1265 424.7508 462.6177 517.6097 552.4868 572.2734 570.9456 549.2664 496.3111 417.1443 1 
1500 80000 1 56.2109 102.8184 145.9699 116.6889 159.0009 205.0163 256.5028 302.7624 348.1135 385.0878 420.282 456.4305 517.9529 552.9088 572.6846 571.559 549.2542 495.6679 415.2247 1 
1500 100000 1 56.2487 102.8407 146.0269 184.7925 222.2237 258.1901 293.7875 325.9199 357.9676 385.8561 414.3984 445.9707 513.2989 550.7776 573.4021 575.3596 553.4543 498.4836 412.5926 1 
1500 150000 1 57.0235 102.8965 146.1692 185.7527 223.2573 258.6663 292.3851 323.2556 354.1418 383.3322 411.9798 440.6115 514.8458 552.7708 575.5941 578.0863 554.3013 497.169 406.6796 1 
1500 200000 1 57.3206 103.4248 146.3115 186.1723 223.7093 258.8999 291.9446 322.4059 352.8738 382.5617 411.2798 438.8952 515.3263 553.4039 576.2537 578.8088 554.2117 496.1159 403.3293 1 
1500 400000 1 57.6291 103.9939 147.0673 186.7568 224.3032 259.3088 291.7771 322.0231 352.1422 382.3117 411.1983 438.1605 515.5319 553.6748 576.5372 579.1789 554.1392 495.6773 402.0542 1 
1500 600000 1 57.4294 103.7822 146.9077 187.0881 224.6375 259.799 292.8298 323.8398 354.3013 384.1902 413.3773 441.8259 515.8593 554.1071 576.9883 578.8627 553.3856 494.099 398.2577 1 
1500 800000 1 57.4107 103.7379 146.8673 187.1621 224.6984 259.9612 293.3295 324.7183 355.3912 385.0477 414.3266 443.5794 515.973 554.2571 577.1465 578.655 553.0617 493.4643 396.7604 1 
1500 1000000 1 57.392 103.6936 146.8269 186.9859 224.5142 259.6824 292.6827 323.6016 354.0423 383.8565 412.9526 441.2876 516.3427 554.7451 577.6591 579.2882 553.181 492.8084 394.1482 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
1300 100 1 47.3081 86.5067 122.611 155.8495 188.4572 217.978 250.4859 277.72 303.5334 330.6494 357.0584 381.8905 432.112 463.7071 482.9158 485.9557 466.9232 421.7396 352.9321 1 
1300 200 1 47.3083 86.5068 122.6111 155.7886 188.3833 217.9324 250.5723 277.8626 303.7217 330.7922 357.2067 382.1688 432.0655 463.6459 482.8523 485.8712 466.9097 421.8126 353.2041 1 
1300 400 1 47.3088 86.5069 122.6111 155.7264 188.2904 217.8921 250.747 278.1532 304.1078 331.0809 357.5029 382.7368 431.9709 463.5221 482.7234 485.6913 466.8801 421.9571 353.7451 1 
1300 600 1 47.3093 86.5071 122.6111 155.6923 188.2214 217.8786 250.9234 278.4506 304.5079 331.3719 357.797 383.3184 431.8755 463.3978 482.5958 485.504 466.8459 422.0963 354.2792 1 
1300 1000 1 47.3103 86.5075 122.6112 155.6551 188.0995 217.8765 251.2783 279.0596 305.3417 331.9548 358.3713 384.5117 431.6831 463.1452 482.3357 485.1024 466.7651 422.3594 355.3099 1 
1300 2000 1 47.3127 86.5085 122.6114 96.108 220.8671 366.9706 531.4728 637.8967 714.2537 760.2003 775.7763 762.9964 721.2685 651.7742 571.6607 489.6528 413.8762 350.3532 321.2389 1 
1300 4000 1 47.3176 86.5104 122.6117 112.7416 191.2183 281.8167 383.1876 455.1335 510.5705 545.7845 566.7811 578.7083 576.1926 557.887 528.1314 486.93 441.631 388.1623 340.7234 1 
1300 6000 1 47.3225 86.5123 122.6121 130.1235 207.9582 297.6569 395.126 465.1035 518.2983 548.2775 565.6996 577.8486 575.2939 557.6961 528.8616 486.847 442.5079 388.1513 337.119 1 
1300 8000 1 47.3274 86.5142 122.6124 145.6486 222.9971 311.1658 406.072 473.2704 524.0301 550.7585 565.4733 575.4315 572.9809 556.3511 528.6496 488.1975 444.8454 390.4264 338.2886 1 
1300 10000 1 47.3323 86.516 122.6128 144.5223 204.3608 269.7326 340.7701 398.3864 454.3996 476.4883 484.9246 499.3663 484.3679 467.6259 440.6025 398.0633 353.9686 297.1696 246.1227 1 
1300 20000 1 47.3569 86.5255 122.6145 114.6669 139.98 170.3423 206.7759 238.6466 284.1655 308.9273 333.0989 371.2618 389.4668 409.1843 417.7666 406.5139 384.8757 337.6968 278.423 1 
1300 40000 1 47.406 86.5445 122.618 127.5847 165.3309 208.1624 255.8125 291.7512 329.9248 346.4509 364.3674 404.4585 447.7714 478.9056 498.3138 499.9987 487.7972 446.5545 382.4467 1 
1300 60000 1 47.455 86.5634 122.6216 90.7779 126.0736 166.357 214.3324 255.2706 295.3402 326.8231 356.8493 390.0272 437.0229 466.3109 483.1744 482.2698 465.1443 421.9985 359.9513 1 
1300 80000 1 47.5041 86.5824 122.6251 90.8812 126.3254 166.3955 212.2196 252.6124 291.8521 323.5235 353.1636 384.9058 437.313 466.666 483.5242 482.8607 465.1949 421.5546 358.5725 1 
1300 100000 1 47.5532 86.6014 122.6286 155.0874 186.0474 216.5841 247.119 274.1004 301.2924 324.6621 348.5735 375.2226 432.8433 464.5637 484.1171 486.4657 469.2787 424.5534 357.0137 1 
1300 150000 1 47.6759 86.6488 122.6373 155.8778 187.1518 217.0904 245.8778 271.91 298.028 322.5392 346.644 370.8026 432.7103 464.4884 483.7371 486.2455 467.1591 420.4559 347.7585 1 
1300 200000 1 47.9692 86.6962 122.6461 156.2468 187.6456 217.3777 245.5093 271.1997 296.9258 321.8777 346.08 369.3766 433.105 465.0067 484.2772 486.9013 467.122 419.6589 345.2061 1 
1300 400000 1 48.2226 87.118 123.282 156.6945 188.2708 217.768 245.3939 270.9403 296.3178 321.652 346.0279 368.7606 433.2735 465.2286 484.5078 487.2449 467.0694 419.3267 344.2658 1 
1300 600000 1 48.1294 86.9745 123.2845 156.9951 188.5821 218.1999 246.3481 272.5181 298.1737 323.311 347.8313 371.7955 433.5421 465.5819 484.8783 486.8913 466.3773 417.9456 341.1031 1 
1300 800000 1 48.119 86.9567 123.1894 157.0193 188.5807 218.2957 246.7846 273.2674 299.1266 324.1433 348.7248 373.2903 433.6354 465.7048 485.0068 486.671 466.0761 417.3818 339.8349 1 
1300 1000000 1 48.1086 86.9388 123.0943 156.7962 188.3994 218.0647 246.2147 272.2608 298.0007 323.151 347.6058 371.4055 433.9386 466.1049 485.4258 487.2499 466.2313 416.9233 337.8612 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
1100 100 1 41.429 74.9366 106.2003 135.5 163.0596 189.0281 216.7952 240.3494 263.56 286.3296 308.6852 330.6725 374.2843 401.7033 418.3521 420.6768 404.501 364.9934 304.1661 1 
1100 200 1 41.429 74.9366 106.2003 135.3113 162.8819 188.8778 216.8955 240.4735 263.7099 286.5075 308.8938 330.9146 374.2435 401.6497 418.2964 420.6458 404.5262 365.109 304.4939 1 
1100 400 1 41.429 74.9366 106.2002 135.1266 162.7225 188.7607 217.1 240.7267 264.0158 286.8709 309.3198 331.409 374.1615 401.5418 418.1854 420.5815 404.5764 365.3419 305.1565 1 
1100 600 1 41.429 74.9366 106.2002 135.02 162.6452 188.7243 217.309 240.9857 264.3288 287.2426 309.7557 331.915 374.0782 401.433 418.0719 420.5168 404.6278 365.5774 305.8245 1 
1100 1000 1 41.429 74.9366 106.2002 134.8795 162.5674 188.7272 217.7369 241.5162 264.97 288.0048 310.6499 332.9533 373.9106 401.214 417.8456 420.3866 404.7299 366.0518 307.1629 1 
1100 2000 1 41.429 74.9365 106.2 83.3693 191.4585 317.9418 458.9131 550.5825 616.5682 656.2233 669.5885 656.9836 628.9283 568.9907 499.6968 430.0942 365.6465 311.0663 289.2216 1 
1100 4000 1 41.4289 74.9364 106.1998 96.3111 165.2335 243.5467 331.7478 392.8501 440.2764 473.7974 493.1709 499.3611 501.4023 485.6765 459.7628 426.6838 387.5909 342.0137 304.091 1 
1100 6000 1 41.4289 74.9364 106.1995 110.2827 179.5248 256.9698 342.1528 401.2209 446.0711 476.9623 493.9367 498.5113 500.809 485.7063 460.5171 427.7871 388.7033 342.4998 302.3688 1 
1100 8000 1 41.4288 74.9363 106.1992 123.9583 192.843 268.7293 351.0158 407.9724 450.3768 478.5081 493.431 496.4905 498.8673 484.5746 460.5136 428.9202 390.2947 343.945 303.043 1 
1100 10000 1 41.4288 74.9362 106.199 136.9717 205.5002 279.7321 359.515 414.879 454.9261 479.7162 491.8604 495.2245 497.345 483.8011 460.6803 428.6844 390.6383 344.0287 301.7801 1 
1100 20000 1 41.4286 74.9357 106.1977 134.4216 161.8511 188.6291 219.276 243.6231 267.776 290.6417 313.3755 337.0144 375.8286 403.5354 420.8545 423.3882 409.604 372.8654 319.9856 1 
1100 40000 1 41.4282 74.9348 106.1951 134.4664 161.895 188.5912 218.5878 242.4348 266.8644 289.5019 311.8726 334.8902 375.5801 403.2286 420.6918 424.5592 411.2827 374.9636 322.7906 1 
1100 60000 1 41.4278 74.9339 106.1925 134.0372 161.7714 188.1185 217.3137 240.9804 264.599 287.6415 310.3184 332.6073 375.915 403.6003 421.0812 424.8606 410.6207 373.9007 321.3269 1 
1100 80000 1 41.4273 74.933 106.1899 134.4463 162.0654 188.2642 215.4724 238.8169 261.7975 284.3205 306.4127 328.1191 376.1544 403.9134 421.4121 425.0746 410.5369 373.3358 319.7202 1 




     
DR Re 
Mass Q uality ( x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
1100 150000 1 41.4259 74.9298 106.1808 135.451 162.7047 188.3353 212.6631 235.2875 257.4944 279.1695 300.3329 321.0221 374.7832 402.3569 419.0334 421.0798 404.224 363.6255 300.2097 1 
1100 200000 1 41.4249 74.9276 106.1743 135.5599 162.7329 188.2777 212.1982 234.6698 256.7412 278.269 299.2706 319.7827 375.1268 402.8088 419.5035 421.3516 404.011 362.6407 297.3506 1 
1100 400000 1 41.4207 74.9185 106.1483 135.5841 162.7204 188.212 212.0216 234.4481 256.4566 277.8801 298.8124 319.2487 375.2737 403.0018 419.7052 421.4682 403.9201 362.2184 296.1155 1 
1100 600000 1 41.4165 74.9095 106.1223 135.3555 162.6258 188.3274 213.117 235.8262 258.115 279.8529 301.0768 321.89 375.5075 403.3104 420.028 421.6553 403.7748 361.5438 294.1325 1 
1100 800000 1 41.4124 74.9005 106.0963 135.1363 162.5334 188.3534 213.6293 236.4786 258.9207 280.8531 302.2459 323.1924 375.5886 403.4169 420.1392 421.7194 403.7244 361.3094 293.4389 1 
1100 1000000 1 41.4082 74.8914 106.0703 135.1783 162.529 188.2592 212.968 235.5994 257.9088 279.6623 300.8454 321.5524 375.8526 403.7655 420.5043 421.932 403.5588 360.5438 291.1658 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
900 100 1 77.3299 126.6642 164.4049 190.3403 209.4555 222.2777 226.2164 232.9279 241.4731 251.2788 263.1935 278.1027 332.1637 360.3065 380.2403 387.2907 376.1907 342.7475 294.6746 1 
900 200 1 69.1168 114.0684 149.7641 175.3823 195.5206 210.4455 217.5808 227.1678 238.2912 250.3011 263.829 279.5549 333.7175 361.3517 380.6956 387.2353 375.8454 342.5589 295.6609 1 
900 400 1 61.9289 103.2429 137.2809 162.6711 183.7303 200.4857 210.3237 222.3944 235.7047 249.5529 264.3984 280.7666 335.3156 362.6021 381.585 387.8561 376.3627 343.3764 298.0872 1 
900 600 1 58.3163 98.0566 131.4283 156.7783 178.3338 195.9961 207.0825 220.358 234.674 249.3233 264.703 281.2953 336.31 363.5282 382.4918 388.8085 377.4125 344.726 300.7604 1 
900 1000 1 45.1591 87.4781 124.4339 151.0952 174.4955 193.7465 206.1064 222.3255 235.4216 247.2107 265.0588 281.727 337.8005 365.1457 384.3948 391.097 380.0913 348.0129 306.4788 1 
900 2000 1 63.2894 113.9096 140.3903 146.0857 143.72 138.0474 138.0773 174.3926 234.8331 321.2807 436.3153 566.5389 849.6549 1043.496 1197.853 1294.459 1317.657 1238.618 1020.231 1 
900 4000 1 48.2398 87.5928 113.8349 129.0729 139.6573 148.3057 158.323 188.1162 230.0159 286.2379 354.5919 433.4664 623.8397 744.5468 841.3376 901.3564 913.1351 861.1591 735.7059 1 
900 6000 1 45.0395 85.636 112.5233 128.0132 138.7448 147.3879 158.075 188.1976 230.1293 286.6128 355.3413 434.6658 627.8948 749.8741 848.5172 910.2319 922.1807 869.7325 746.0303 1 
900 8000 1 43.3841 84.3998 111.615 127.3895 138.3316 147.2204 158.5139 188.6911 230.4172 286.7473 355.3738 434.6011 628.5006 750.5549 848.824 910.507 923.1814 871.2345 748.5883 1 
900 10000 1 45.3119 86.2821 113.3366 128.5499 139.1304 147.8099 158.9428 187.5887 230.3262 286.5102 354.8913 434.3996 631.5746 754.4018 853.0968 914.702 928.473 877.4284 758.3887 1 
900 20000 1 40.6972 76.6131 100.8952 115.3303 126.0774 136.1969 150.0728 180.3652 225.5709 283.5452 353.1455 432.8294 636.4803 759.4568 858.4731 920.3802 934.4672 884.8654 771.6301 1 
900 40000 1 36.787 69.8783 92.7456 107.0581 118.3405 129.5457 146.1196 177.532 224.0717 282.9079 352.9881 432.607 634.8004 756.5586 853.9083 915.6179 930.2372 880.8809 767.311 1 
900 60000 1 34.8209 66.5244 87.9629 102.3547 113.8573 125.4872 143.7349 175.8874 222.8709 282.5951 353.356 433.4494 633.3297 754.9275 851.9935 913.3406 927.0577 876.1579 758.5701 1 
900 80000 1 33.5324 64.2257 84.8541 99.4476 111.0075 122.9267 141.964 174.7238 222.2546 282.5998 354.0652 434.7596 629.8707 751.021 847.0844 907.1204 919.5156 866.7844 742.4447 1 
900 100000 1 32.7864 62.7701 83.0934 97.3822 108.9229 120.9224 140.1059 173.4171 221.7114 282.9696 355.452 437.2033 629.0606 750.7877 846.9824 906.4263 917.2899 861.8284 730.0901 1 
900 150000 1 21.0668 39.5219 61.1909 85.1877 110.9594 138.0602 168.4111 194.2086 219.9722 244.5654 267.3618 287.8332 340.2635 364.615 379.7404 382.1491 367.7001 333.3682 286.8256 1 
900 200000 1 19.6752 37.3414 58.6238 82.5662 108.6008 136.1251 166.8296 193.1135 219.342 244.3513 267.4655 288.1092 337.5592 361.1685 375.0656 376.0599 360.4323 324.7371 272.6264 1 
900 400000 1 16.5737 32.6299 53.0806 76.8625 103.336 131.644 163.5968 190.9032 218.0756 243.9165 267.6696 288.6619 334.7533 357.4063 369.8489 369.3249 352.6399 315.9308 258.9319 1 
900 600000 1 14.8475 30.3111 50.4984 74.3362 101.0451 129.7562 161.73 189.6054 217.3393 243.6707 267.7865 288.9794 335.4799 358.121 370.4933 369.7787 352.7571 315.6382 257.9321 1 
900 800000 1 13.9656 28.9184 48.8624 72.6802 99.4267 128.3969 160.5496 188.7837 216.8637 243.5159 267.8766 289.1902 336.4129 359.1455 371.6525 371.0364 353.9919 316.8573 259.7266 1 
900 1000000 1 13.2684 27.6905 47.3486 71.1011 98.0253 127.2776 159.5183 188.0742 216.4434 243.3694 267.9445 289.3724 336.5379 359.2091 371.5422 370.6069 353.1206 315.4055 256.6825 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
600 100 1 61.9011 100.5497 129.3169 147.7519 160.6858 167.654 165.8448 168.4456 172.4579 177.5827 184.6124 194.3788 232.3691 252.6548 267.3045 272.9103 265.6491 242.4144 208.7138 1 
600 200 1 55.2953 90.4625 117.5437 135.6553 149.3662 157.9777 158.9827 163.8385 169.8908 176.7731 185.1017 195.5365 233.5934 253.4625 267.6275 272.8094 265.3023 242.1783 209.3629 1 
600 400 1 49.5271 81.8414 107.5733 125.4452 139.8677 149.9043 153.2554 160.0505 167.8229 176.1602 185.54 196.4951 234.8154 254.3959 268.2519 273.1941 265.5822 242.6683 211.0201 1 
600 600 1 46.5993 77.6596 102.8334 120.6309 135.4476 146.1968 150.634 158.3818 166.9611 175.9506 185.7748 196.9252 235.5679 255.0755 268.887 273.8321 266.2709 243.5657 212.8602 1 
600 1000 1 42.3174 77.1114 105.5751 123.3729 138.4606 148.8242 152.416 160.5563 165.97 172.4218 186.0494 197.299 236.6784 256.2446 270.2183 275.3986 268.0862 245.805 216.8131 1 
600 2000 1 50.8392 90.8357 112.0741 116.0534 114.0396 107.8298 103.1977 124.5239 164.4281 223.7423 301.8741 392.2927 602.2369 739.07 848.0266 917.6061 936.2789 882.6412 737.677 1 
600 4000 1 42.5517 76.0609 98.0658 108.7339 115.411 118.1177 120.6905 137.3592 163.7267 199.8673 246.3225 301.067 441.1196 526.2761 594.3485 637.3885 647.514 612.3723 529.0552 1 
600 6000 1 41.2047 72.774 92.6195 102.2447 108.2854 110.8171 114.7039 133.0599 159.7611 197.7673 248.8409 304.0719 444.2482 530.3947 599.7182 643.7297 653.8837 618.5494 536.4003 1 
600 8000 1 31.2548 60.6854 80.1588 90.761 98.5727 103.8281 110.9298 131.6648 160.7763 200.1297 247.8841 303.123 444.6691 530.8661 600.1947 644.3463 654.7426 619.5908 538.1642 1 
600 10000 1 30.0349 59.7863 79.7181 89.7078 97.5968 103.4489 110.9725 131.7349 160.7708 200.3524 248.3757 302.9592 445.1922 531.6224 601.7004 648.0596 658.9911 624.3188 545.451 1 
600 20000 1 31.3767 58.8139 76.9485 86.4805 94.2204 100.1265 108.615 128.9631 159.745 199.9314 248.565 303.6229 448.4088 535.0914 605.6423 652.2712 663.6755 629.7977 554.6453 1 
600 40000 1 28.5604 53.717 70.5864 80.1538 88.397 95.2203 105.867 127.334 159.1429 199.9732 248.9194 304.232 448.187 534.4606 604.0279 649.0216 659.9821 626.3577 551.1445 1 
600 60000 1 27.1921 50.9851 66.8668 76.8371 84.8125 91.9898 104.0175 126.0467 157.8129 198.979 247.9505 303.7931 447.6207 533.6767 602.8864 647.1558 657.8439 623.3126 545.1733 1 
600 80000 1 26.1622 49.0832 64.3975 74.4527 82.4351 90.0671 102.2949 124.5448 157.1749 198.8506 248.4501 304.721 445.2382 530.9794 599.4909 642.8546 652.6212 616.819 534.0819 1 
600 100000 1 25.4389 47.7142 62.5886 72.5587 80.4718 88.3051 100.9363 123.6002 156.7736 199.1023 249.4183 306.4291 444.7286 530.8781 599.4982 642.467 651.1736 613.4882 525.7814 1 
600 150000 1 17.0766 31.1127 46.7745 63.6923 81.4899 100.0023 120.6242 138.0536 155.4919 172.2 187.7948 201.9784 238.7526 256.0393 266.9052 268.8843 259.042 235.1908 202.9199 1 
600 200000 1 16.0102 29.3836 44.7282 61.6548 79.6072 98.3656 119.4016 137.2527 155.0375 172.0506 187.8819 202.1935 236.8725 253.6364 263.6408 264.6328 253.9659 229.1675 193.0632 1 
600 400000 1 13.8082 25.9661 40.5324 57.344 75.4554 94.8166 116.8512 135.468 153.989 171.7307 188.0498 202.6273 234.9435 251.0256 260.0002 259.9204 248.5072 223.0025 183.5429 1 
600 600000 1 12.4621 24.2067 38.4727 55.1665 73.5212 93.1303 115.3905 134.3589 153.3116 171.4268 188.1414 202.8702 235.4674 251.5332 260.4498 260.2299 248.578 222.7904 182.8593 1 
600 800000 1 11.588 22.9191 37.2432 53.6724 72.2216 92.0238 114.5057 133.7042 152.8724 171.1189 188.0201 202.9618 236.1316 252.2555 261.2595 261.1007 249.4309 223.6333 184.109 1 
600 1000000 1 11.0119 21.8583 35.9184 52.5367 71.0633 91.1074 113.7568 133.3268 152.5937 170.9982 188.0423 203.0791 236.2253 252.3035 261.1823 260.7993 248.8202 222.6209 182.0094 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
500 100 1 56.516 90.0777 114.4753 131.6992 142.3703 147.779 144.8824 144.7767 147.2182 150.71 156.0162 163.9375 196.183 213.6172 226.3351 231.3495 225.339 205.611 176.754 1 
500 200 1 50.51 80.8881 103.7696 120.7472 132.1531 139.0569 138.7127 140.6071 144.8864 149.9668 156.4516 164.9838 197.2834 214.3375 226.6097 231.2346 224.9972 205.3644 177.2898 1 
500 400 1 45.2877 73.0411 94.7092 111.5459 123.6274 131.822 133.6022 137.188 143.0135 149.4055 156.8417 165.8478 198.3674 215.1557 227.1404 231.5392 225.1976 205.7434 178.6842 1 
500 600 1 42.641 69.2052 90.3601 107.1957 119.652 128.4894 131.2619 135.6604 142.2177 149.2053 157.0507 166.2401 199.0313 215.7464 227.6791 232.0683 225.7607 206.4841 180.2398 1 
500 1000 1 39.1759 65.1227 86.8609 103.0043 115.9205 125.431 129.1417 134.3432 141.6077 149.1262 157.2952 166.5901 200.0033 216.7547 228.8085 233.3808 227.2754 208.3593 183.5866 1 
500 2000 1 38.2322 82.2526 108.0303 119.5801 122.0891 119.1016 114.3629 128.957 160.966 205.6433 262.3539 332.0087 505.7604 622.7937 717.2324 778.9061 797.0436 752.5475 629.9776 1 
500 4000 1 44.7866 78.4755 101.6303 116.199 124.3544 127.366 128.623 139.4551 159.3659 184.3177 216.1571 255.9093 368.8851 442.0263 501.6532 540.5807 551.4288 522.6033 451.6665 1 




     
DR Re 
Mass Q uality ( x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
500 8000 1 36.56 63.2599 80.5214 91.0636 96.6244 98.7302 102.0419 115.7566 138.295 168.9634 207.5857 254.0246 377.1749 450.3786 509.2291 546.8157 555.8641 526.1308 457.7991 1 
500 10000 1 30.5516 53.5283 69.1559 78.758 84.9851 89.3205 95.2842 110.8299 135.4336 168.5461 209.6433 255.7651 377.1666 450.463 510.102 550.1008 559.5162 530.1577 464.0099 1 
500 20000 1 26.7689 48.5715 63.5745 73.5589 80.6702 86.0508 93.8114 110.8322 136.6275 169.5048 210.5379 256.9811 379.7784 453.3405 513.5153 553.7805 563.6685 534.9696 471.848 1 
500 40000 1 25.7793 46.9433 61.1824 70.8614 77.9895 83.5187 92.2927 108.8994 135.5119 169.7722 211.0563 257.7903 379.8675 453.2173 512.5844 551.1281 560.4304 531.9796 468.8294 1 
500 60000 1 24.42 44.7067 58.4956 67.836 74.5578 80.3385 90.2582 107.6363 134.0393 168.6021 209.8505 257.0664 379.4819 452.6467 511.6475 549.478 558.6552 529.418 463.7836 1 
500 80000 1 23.4768 43.1994 56.5527 65.5672 72.2363 78.1826 88.0269 106.0833 133.4125 168.4509 210.2778 257.862 377.464 450.3636 508.7729 545.8337 554.2309 523.9175 454.3928 1 
500 100000 1 22.7198 42.0543 54.9565 63.6221 70.1686 76.4151 86.5975 105.2683 133.0638 168.6632 211.1029 259.3177 377.0444 450.2929 508.8037 545.5332 553.035 521.124 447.4064 1 
500 150000 1 15.3953 27.8328 41.362 55.6444 70.5841 86.0081 102.9713 117.499 131.9611 145.8449 158.8521 170.7603 201.9851 216.7316 226.065 227.8454 219.5428 199.3028 171.8715 1 
500 200000 1 14.4293 26.3435 39.5687 53.7419 68.7876 84.448 101.7938 116.7946 131.5609 145.7108 158.9254 170.9462 200.3979 214.6992 223.2988 224.2391 215.2365 194.1918 163.5041 1 
500 400000 1 12.556 23.4276 35.8933 49.9066 65.04 81.254 99.4871 115.1922 130.6135 145.424 159.0714 171.3282 198.778 212.4948 220.2128 220.2361 210.5953 188.9523 155.4181 1 
500 600000 1 11.4539 21.7924 33.9669 48.1185 63.5177 79.887 98.4143 114.1946 129.9971 145.1356 159.151 171.5415 199.231 212.9309 220.5966 220.4978 210.6519 188.7678 154.8364 1 
500 800000 1 10.6454 20.5382 32.8319 46.8331 62.4591 78.9713 97.7365 113.6102 129.5957 144.8347 159.0146 171.6109 199.8002 213.5471 221.2844 221.2349 211.3717 189.479 155.8963 1 
500 1000000 1 10.0607 19.6084 31.6636 45.7117 61.2708 78.0351 96.9426 113.3 129.3575 144.7277 159.0289 171.7106 199.8844 213.5911 221.221 220.9802 210.8536 188.6191 154.1136 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
300 100 1 41.3448 65.5778 82.777 94.2316 100.408 102.1925 97.6029 95.5357 95.3592 96.195 98.4984 102.9241 124.1623 135.5628 144.1763 147.6681 144.1966 131.7739 113.3116 1 
300 200 1 37.0064 58.8588 74.8982 86.1088 92.795 95.6612 93.0479 92.4465 93.6188 95.6267 98.8145 103.7033 124.9239 136.0363 144.3143 147.5495 143.9022 131.5406 113.6225 1 
300 400 1 33.2629 53.1681 68.2807 79.3292 86.4846 90.2829 89.3025 89.9368 92.236 95.2021 99.1065 104.3521 125.6052 136.5117 144.5696 147.7066 143.9692 131.7214 114.4799 1 
300 600 1 31.366 50.3661 65.0653 76.0682 83.4841 87.7533 87.5461 88.7841 91.6271 95.038 99.2718 104.6656 125.9787 136.8177 144.8238 148.0217 144.2926 132.1574 115.4476 1 
300 1000 1 28.948 47.4293 62.4036 72.8271 80.5638 85.3393 85.8789 87.7317 91.1201 94.9459 99.4855 104.9878 126.4499 137.2837 145.3468 148.8286 145.2109 133.3034 117.5401 1 
300 2000 1 27.1367 62.1305 83.2682 93.2722 95.7039 92.961 87.1208 93.456 111.0849 136.0809 167.0643 208.8023 321.7474 396.8556 457.7718 498.6371 511.746 484.4771 409.3861 1 
300 4000 1 33.6545 65.4815 87.079 99.0079 104.589 103.9951 100.5182 101.7545 110.0804 121.4383 139.159 161.8846 231.9838 278.8468 317.6367 345.5181 353.8709 336.3797 292.6247 1 
300 6000 1 38.0072 61.4041 75.1143 81.6972 83.4165 80.099 76.5223 80.0052 91.2066 106.7723 130.5674 159.9466 238.1921 284.5912 322.1299 349.0789 355.3565 336.9586 294.9673 1 
300 8000 1 43.9089 62.3563 71.6945 75.3039 75.2094 71.5681 68.5184 73.3794 84.5416 101.7517 125.7902 155.8693 235.8499 283.8292 322.7711 350.48 357.3145 338.8792 296.3955 1 
300 10000 1 33.327 38.4499 41.488 42.879 44.7572 45.9894 48.6789 52.411 54.0124 65.8105 89.4466 115.4623 189.7077 235.3098 275.7459 309.7979 324.8224 319.9288 298.6809 1 
300 20000 1 22.1665 24.5586 28.8182 34.9033 43.3071 52.7457 64.7733 77.082 87.4362 103.8621 125.5417 150.4738 221.2239 262.018 297.1141 325.1079 334.722 325.0722 301.7796 1 
300 40000 1 11.8092 20.1424 30.2187 42.0039 56.0352 70.9912 88.6116 105.506 126.4828 148.6453 172.8566 197.5149 265.6947 302.5373 331.1772 350.3437 351.3438 332.7418 299.16 1 
300 60000 1 18.1863 31.7715 40.5771 46.1343 50.3083 53.5704 59.5316 70.5759 86.5898 107.9434 134.11 164.0892 240.6299 287.5536 325.5804 351.6497 357.9122 339.7962 299.7263 1 
300 80000 1 17.3806 30.6006 39.1945 44.5762 48.6862 52.1171 57.6871 68.8337 85.9112 107.7 134.3029 164.5283 239.746 286.4979 324.0688 349.3078 355.088 336.3081 293.8356 1 
300 100000 1 16.5814 29.6115 37.9817 43.3472 47.3576 51.0271 56.7523 68.2599 85.6234 107.8164 134.6857 165.3077 240.1242 287.1224 324.7073 349.1185 354.3437 334.5707 289.5319 1 
300 150000 1 11.5957 20.2415 29.0986 38.2266 47.6185 57.1855 67.2511 76.0224 84.8321 93.2396 101.2362 108.6971 128.2326 137.8705 144.0991 145.6285 140.5808 127.8912 110.9108 1 
300 200000 1 10.8275 19.1435 27.8376 36.9685 46.4124 56.0991 66.4281 75.4955 84.4842 93.0804 101.155 108.6722 127.5591 136.9101 142.6449 143.3535 137.8626 124.6666 105.6629 1 
300 400000 1 9.6091 17.267 25.3802 34.4081 43.8197 53.8491 64.7938 74.311 83.7177 92.7733 101.1043 108.7654 126.8221 135.7717 140.9078 140.8167 134.9159 121.3431 100.5752 1 
300 600000 1 8.9829 16.2268 24.1157 33.0998 42.6442 52.7188 63.9781 73.5746 83.2085 92.4695 101.115 108.8703 126.8148 135.6971 140.8042 140.9811 134.9481 121.2247 100.2239 1 
300 800000 1 8.3609 15.2492 23.3102 32.1116 41.8369 51.9739 63.463 73.1474 82.9086 92.261 101.053 108.9336 126.998 135.8868 141.0438 141.4446 135.3982 121.6698 100.8953 1 
300 1000000 1 7.7977 14.4247 22.3246 31.2628 40.9904 51.3493 62.9724 72.9462 82.8021 92.2542 101.0849 109.0218 127.241 136.135 141.2205 141.2863 135.0736 121.1311 99.7921 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
200 100 1 31.7158 50.1174 62.9485 70.2148 74.2204 74.8314 69.7087 68.3324 67.1831 66.746 68.9471 71.7847 85.1585 93.3964 99.599 102.323 100.3136 92.0087 79.6208 1 
200 200 1 28.3809 44.8903 56.8201 63.9087 68.2953 69.7217 66.2262 65.9637 65.8471 66.3053 69.2104 72.4088 85.7442 93.7528 99.6963 102.2125 100.0681 91.8047 79.8124 1 
200 400 1 25.5046 40.4719 51.6919 58.6586 63.4017 65.5351 63.3683 64.0568 64.8025 65.9847 69.4848 72.9614 86.267 94.1018 99.8748 102.2923 100.0786 91.8919 80.3721 1 
200 600 1 24.0336 38.2698 49.1715 56.0945 61.0401 63.5379 61.9988 63.1692 64.34 65.8612 69.6669 73.2657 86.5606 94.3235 100.0524 102.4885 100.2783 92.167 81.0113 1 
200 1000 1 22.1333 35.9521 47.091 53.4781 58.6807 61.5831 60.6453 62.3387 63.954 65.7963 69.9493 73.6517 86.945 94.6579 100.4192 103.0084 100.8762 92.9182 82.4007 1 
200 2000 1 17.6073 25.7659 29.7676 29.2833 27.6447 25.3205 22.9113 31.1002 48.8758 73.8333 109.2326 145.105 229.9915 282.8002 324.3856 350.8901 358.2151 338.3487 288.7041 1 
200 4000 1 19.8036 31.5957 43.2215 50.4769 57.8525 62.9839 68.4329 77.3786 88.3411 99.2187 121.3462 138.9389 187.6791 213.5967 233.2871 245.2606 245.717 230.7628 202.8414 1 
200 6000 1 11.2649 16.2415 24.7533 33.5277 44.4838 55.192 68.0749 84.556 101.5614 116.6201 136.2828 153.8453 202.0758 223.8101 239.663 248.57 245.9011 229.5954 203.3235 1 
200 8000 1 25.9836 42.3854 52.2697 56.3467 58.1843 56.2312 53.8127 56.5465 64.1108 75.2864 92.3252 110.4309 162.9307 195.7321 223.5507 243.3775 249.1893 237.4914 209.8728 1 
200 10000 1 18.2572 22.4405 26.1606 26.5661 28.5916 29.8087 31.8181 36.5553 41.4664 51.1126 71.0446 91.238 142.2152 172.9123 200.7856 224.0197 232.5636 227.199 210.946 1 
200 20000 1 6.8985 8.8653 14.1315 20.3488 29.2467 39.1531 50.9377 63.8401 76.4336 90.3553 108.6065 125.5849 171.6805 196.582 218.7455 235.8184 239.0896 229.578 212.095 1 
200 40000 1 7.4441 12.1671 20.5219 31.3974 45.1332 60.2154 77.309 94.9865 110.65 127.406 144.8953 160.1564 203.8648 224.8345 240.8721 250.5409 247.7663 232.9073 210.2776 1 
200 60000 1 11.9328 25.0068 34.7903 41.6882 47.4691 52.0951 58.1353 66.7114 75.6679 88.1267 103.9188 120.6856 169.6859 199.0069 223.6452 240.7956 245.4094 234.7856 211.5599 1 
200 80000 1 13.1574 22.7605 28.8922 32.7011 35.5492 37.768 41.4519 49.2463 60.5704 75.308 93.9882 114.4818 167.1724 199.0548 225.177 242.6798 246.9879 234.7878 207.515 1 
200 100000 1 12.6452 22.1543 28.1021 31.9326 34.6716 37.0626 40.7961 48.5822 60.1034 75.1889 93.6273 114.3839 167.193 199.3929 225.4926 242.4884 246.445 233.6041 204.6963 1 
200 150000 1 9.3192 15.7631 22.0325 28.446 34.8431 41.2857 47.9943 53.7035 59.3591 65.0389 70.1599 75.1671 89.1081 95.7897 100.3422 101.818 98.6448 90.2711 79.6777 1 
200 200000 1 8.8054 15.0459 21.1516 27.5618 33.9515 40.479 47.3159 53.152 58.9522 64.7721 69.8335 74.8804 88.5876 95.1493 99.3574 100.2862 96.8191 88.1075 76.2095 1 
200 400000 1 15.4497 20.0309 23.9587 28.8498 33.9839 39.7746 46.3108 51.5006 57.0524 64.3747 69.6155 74.7824 88.0402 94.4117 98.2043 98.5647 94.8244 85.8594 72.8213 1 
200 600000 1 14.019 18.458 22.543 27.5351 32.9343 38.8894 45.6638 51.1511 56.9224 64.1969 69.9351 75.2282 88.0846 94.4053 98.2037 98.6598 94.8512 85.7879 72.6196 1 
200 800000 1 6.9374 12.0931 17.69 23.7785 30.3752 37.2308 44.9193 51.4487 58.0113 64.2265 70.2221 75.5119 88.2443 94.5499 98.3934 98.9649 95.1546 86.0894 73.0798 1 
200 1000000 1 6.3629 11.2818 16.9144 23.0958 29.7895 36.8126 44.6288 51.1586 57.8597 64.2511 70.0542 75.3412 88.3901 94.6969 98.4764 98.8791 94.945 85.739 72.3816 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 




     
DR Re 
Mass Q uality ( x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
150 200 1 23.0094 36.4829 45.7591 51.7474 55.1198 56.2572 53.13 52.1121 51.6259 51.3964 52.4806 55.0887 65.1202 71.4927 76.2698 77.9267 76.7935 70.2072 61.5379 1 
150 400 1 20.7616 33.0526 41.7836 47.7011 51.3693 53.0827 50.9901 50.704 50.8867 51.1999 52.6922 55.5132 65.504 71.7546 76.4174 77.9933 76.8058 70.2674 61.965 1 
150 600 1 19.5734 31.2545 39.713 45.606 49.4479 51.4728 49.8983 49.9948 50.5333 51.1223 52.8296 55.7671 65.7372 71.9336 76.5667 78.1401 76.9448 70.4542 62.4468 1 
150 1000 1 18.3207 29.4947 37.6784 43.4607 47.5328 49.9089 48.849 49.3513 50.271 51.1203 53.0398 56.0961 66.0391 72.2041 76.8773 78.5419 77.3848 70.9915 63.4975 1 
150 2000 1 13.309 25.546 32.9822 37.0306 38.2967 37.7955 35.2225 34.1522 38.7597 47.2827 62.489 75.7239 126.882 160.0846 188.6031 209.4572 220.2487 215.1942 195.4696 1 
150 4000 1 17.4412 38.959 57.0552 68.7507 78.6204 84.0737 87.3787 88.7583 89.6606 86.1156 91.6612 98.6433 128.3831 145.3443 159.8653 169.9647 173.3148 166.5309 152.3535 1 
150 6000 1 6.4066 11.0521 19.6857 30.11 42.1855 53.3855 66.808 79.6141 92.8089 103.3856 115.261 125.814 155.7479 169.7663 180.2445 185.5439 182.8236 170.9162 152.7586 1 
150 8000 1 15.2329 26.1004 33.6155 38.0309 41.2311 41.4611 42.8722 46.1965 52.7877 61.8034 73.5008 88.0653 125.9156 149.7363 169.9869 183.8304 187.2322 177.968 157.5538 1 
150 10000 1 13.7411 21.432 28.7099 32.8919 37.9157 41.087 44.6581 48.514 51.0601 54.6597 63.4348 76.8334 112.0408 133.472 153.5909 169.7108 174.9922 169.9493 156.8768 1 
150 20000 1 6.8643 10.2761 16.1102 22.276 30.0926 38.8582 49.1171 58.9324 67.9407 77.9344 90.4701 105.0011 139.2243 156.6578 172.3963 183.2215 183.4563 174.1551 158.8034 1 
150 40000 1 7.0357 10.9536 18.2908 28.4964 40.7112 54.3854 69.5203 83.3095 95.7308 110.1629 123.4266 136.1881 166.4549 181.1296 191.819 197.3726 193.1407 179.3534 159.1283 1 
150 60000 1 7.2912 18.3014 28.2122 36.9426 45.1803 52.7124 61.534 69.564 76.0099 84.2374 93.1426 103.1733 136.0674 154.1805 169.1933 179.373 181.2547 173.363 158.1577 1 
150 80000 1 10.5446 18.3522 23.3516 26.4134 28.34 29.9628 32.9815 38.9132 47.6614 58.7676 72.1496 87.8166 127.4421 151.6223 171.3833 184.5607 187.4975 177.9223 155.9323 1 
150 100000 1 10.4452 18.1478 23.0856 26.0737 27.9884 29.6645 32.2436 38.1434 46.9389 58.3127 71.906 87.7349 127.3634 151.7784 171.4984 184.2665 186.9712 176.97 153.68 1 
150 150000 1 7.9839 13.2612 18.3967 23.3596 28.0736 32.8607 37.5408 41.8324 46.0436 50.2192 54.0474 57.828 68.7865 74.0748 77.7545 79.0868 76.6757 70.4209 62.8283 1 
150 200000 1 7.6086 12.7238 17.7057 22.6328 27.3458 32.2034 36.9058 41.2537 45.5351 49.8322 53.7461 57.5332 68.394 73.5743 76.9897 77.8951 75.2931 68.8039 60.2204 1 
150 400000 1 16.7214 22.715 26.7055 30.2872 33.1922 36.2073 39.0752 41.5982 44.1544 48.121 52.4821 57.3775 67.9631 72.9844 76.0725 76.5342 73.7773 67.1037 57.6585 1 
150 600000 1 15.1507 20.8104 24.8861 28.6134 31.8508 35.247 38.4944 41.3421 44.3707 48.2636 52.6827 57.6638 67.9793 72.9444 76.0309 76.5708 73.8254 67.0322 57.5219 1 
150 800000 1 6.1296 10.389 14.8927 19.6706 24.5964 29.8088 35.2127 40.0612 44.995 49.6755 54.0067 57.9453 68.0982 73.045 76.1628 76.7947 74.0658 67.2504 57.8763 1 
150 1000000 1 5.5917 9.625 14.1038 18.9101 24.0914 29.4069 34.8347 39.6643 44.78 49.6443 53.955 57.8584 68.2289 73.1871 76.2596 76.7603 73.8968 67.0054 57.3663 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
100 100 1 6.1911 10.1641 14.2219 18.0859 21.544 24.5561 26.6496 29.1261 32.1701 34.6869 36.8989 39.4882 46.4724 50.0925 51.9724 52.5006 50.6811 46.2481 39.2963 1 
100 200 1 6.0965 10.0502 14.0752 17.9069 21.3576 24.3701 26.6662 29.1449 32.1887 34.6985 36.8998 39.4904 46.4855 50.1064 51.9993 52.5295 50.7099 46.2816 39.3411 1 
100 400 1 6.0116 9.9503 13.9568 17.767 21.2238 24.2425 26.7005 29.1844 32.2273 34.7223 36.9018 39.4953 46.5126 50.1349 52.0552 52.5895 50.7695 46.3501 39.4322 1 
100 600 1 5.9651 9.8954 13.8973 17.6962 21.1617 24.1834 26.736 29.2266 32.2673 34.747 36.9041 39.5008 46.5407 50.164 52.1146 52.652 50.8313 46.4204 39.5249 1 
100 1000 1 6.2608 10.0359 13.5147 17.6222 21.1093 24.1346 26.8101 29.3191 32.3516 34.7986 36.9101 39.5137 46.5997 50.2233 52.2419 52.7845 50.9607 46.5649 39.7138 1 
100 2000 1 8.2431 18.9383 26.2499 31.13 33.5558 34.3282 34.9663 34.2066 36.0075 40.5683 45.4784 55.9871 71.2368 84.2217 93.5992 98.3639 96.9708 86.7074 67.5545 1 
100 4000 1 8.6318 26.3304 43.9501 56.3929 67.9924 75.8574 83.0304 84.5343 82.6 76.091 72.075 69.3857 69.3168 67.4867 65.6072 63.0902 60.5359 56.4534 52.4467 1 
100 6000 1 3.9744 6.9405 12.1715 17.8885 24.6455 30.3551 38.9449 46.8986 54.653 60.1757 67.1397 81.8963 82.0879 82.0479 82.0079 79.6876 74.1046 64.6953 52.5254 1 
100 8000 1 6.834 10.3126 13.4428 15.0974 17.0765 17.8201 20.8508 26.2602 31.8437 39.2629 46.5956 81.79 82.1566 82.127 82.0974 82.0678 79.7896 70.0807 54.4922 1 
100 10000 1 5.3106 10.6981 16.6303 19.9798 24.4608 27.9027 32.6623 39.5301 44.8567 49.721 55.4093 80.1967 80.4549 80.407 80.3591 80.3112 76.6222 67.5115 53.4759 1 
100 20000 1 3.8685 6.6228 10.7817 13.798 18.1687 22.1766 26.9269 29.5743 32.2872 35.9545 41.1892 71.8916 72.2114 72.1944 72.1775 72.1605 70.8548 64.6135 53.7688 1 
100 40000 1 2.948 6.5988 12.4387 19.5423 28.0395 36.6809 45.4185 51.698 55.7325 59.5728 62.9236 74.8268 74.9814 74.9679 74.9545 74.1746 68.9613 62.1186 54.187 1 
100 60000 1 4.6738 10.7193 16.5495 21.601 26.6399 31.3372 36.7689 44.0021 46.8654 51.1869 55.3134 75.7097 75.9745 76.2394 76.2347 76.0498 72.1432 64.4514 54.6245 1 
100 80000 1 6.1127 10.5314 14.3233 17.2621 19.8851 22.3636 24.8362 29.8132 33.8397 38.4431 43.3827 70.8398 71.1258 71.1036 71.0813 71.0591 69.3467 62.3025 53.0235 1 
100 100000 1 5.9224 10.2096 13.9858 17.1235 20.0596 22.8642 25.1919 29.5056 33.067 37.127 41.4856 66.2878 66.5462 66.5279 66.5096 66.4914 65.0853 58.942 51.3416 1 
100 150000 1 8.7152 16.3382 21.6396 25.2913 27.6215 29.6675 30.7398 34.7484 39.4862 45.9361 54.1178 122.2616 122.8542 122.8013 122.7485 122.6956 122.6428 117.5687 98.9511 1 
100 200000 1 9.3004 17.1605 22.1435 25.0922 26.5219 27.484 27.3277 30.569 35.145 41.741 50.318 123.3126 123.9473 123.8961 123.8449 123.7936 123.7424 118.8245 99.6758 1 
100 400000 1 13.1057 21.5396 25.4975 27.1984 27.2613 26.6796 24.956 27.0098 30.9418 37.4494 46.5105 124.4569 125.1347 125.0865 125.0383 124.9901 124.9419 120.315 101.0604 1 
100 600000 1 12.845 21.0102 25.0328 26.3502 26.1233 25.2583 23.3938 25.4006 29.5761 36.2302 45.0034 124.669 125.3617 125.3125 125.2634 125.2142 125.165 120.4452 100.4805 1 
100 800000 1 14.7221 22.3936 26.0063 27.0556 26.4115 24.9494 22.7396 24.4551 28.5656 35.4291 44.5276 124.7036 125.4008 125.3511 125.3014 125.2516 125.2019 120.4287 100.0616 1 
100 1000000 1 10.0057 18.0207 22.3636 24.0533 24.1974 23.3206 21.4549 23.5118 28.2836 35.2535 44.0687 124.728 125.4293 125.3783 125.3273 125.2762 125.2252 120.3254 99.4349 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
80 100 1 5.2655 8.4897 11.7175 14.7239 17.4582 19.9177 21.1945 23.6534 25.7861 28.0292 30.3087 42.0725 42.1951 42.1824 42.1697 42.1571 41.1811 37.5125 32.2052 1 
80 200 1 5.16 8.3653 11.5562 14.53 17.2542 19.7203 21.1944 23.662 25.7988 28.0375 30.3081 42.0972 42.22 42.2073 42.1945 42.1818 41.2011 37.5348 32.2411 1 
80 400 1 5.0648 8.2553 11.4192 14.3705 17.0939 19.5773 21.1944 23.68 25.8258 28.0552 30.3066 42.1488 42.2722 42.2593 42.2464 42.2336 41.2426 37.5808 32.3142 1 
80 600 1 5.0124 8.1949 11.3462 14.2861 17.0112 19.5097 21.1944 23.699 25.8549 28.0742 30.3048 42.2038 42.3277 42.3147 42.3017 42.2886 41.2858 37.6282 32.3887 1 
80 1000 1 5.0894 8.0904 10.9553 14.1903 16.9219 19.4503 21.1948 23.74 25.9192 28.1161 30.3 42.3229 42.4481 42.4347 42.4213 42.4079 41.3776 37.7267 32.5404 1 
80 2000 1 5.3011 9.0188 12.1296 14.3309 16.0609 17.9957 19.226 22.3936 27.1992 33.2354 39.4795 69.2901 69.6006 69.5804 69.5602 69.54 67.9852 60.1365 50.5397 1 
80 4000 1 5.4127 9.1767 13.8748 15.7907 18.0729 19.0817 20.9465 25.2429 29.9688 34.4034 40.8442 67.1882 67.4626 67.4403 67.418 67.3957 65.6773 57.9466 46.5655 
 80 6000 1 3.856 6.4683 9.2333 12.074 14.8359 17.213 20.5744 26.7221 33.1109 37.5558 44.2181 67.7668 68.0726 68.3784 68.3186 68.2587 64.786 56.8613 45.9909 1
80 8000 1 3.5913 7.0296 10.6146 14.1738 17.9648 21.8814 26.1108 31.2345 36.5978 41.9393 46.4956 68.2237 68.5059 68.5006 68.4954 68.1896 64.0043 56.145 46.2096 1 
80 10000 1 3.0998 6.2971 10.4331 13.8601 17.958 22.0256 26.2421 31.2045 36.5611 42.682 48.097 70.6521 70.887 70.8382 70.7893 70.7404 66.9776 58.8781 47.5612 1 
80 20000 1 3.0205 5.5138 8.9202 11.9497 15.8603 20.312 24.8951 29.8199 36.0854 43.6158 49.8824 72.283 72.5163 72.4615 72.4066 72.3518 68.1298 59.5031 47.3372 1 
80 40000 1 5.3288 9.1064 11.7475 14.0563 15.9857 17.9645 19.8912 25.4069 31.208 36.9909 42.4565 69.963 70.2495 70.2067 70.1638 70.121 66.8216 58.9764 47.9149 1 
80 60000 1 5.239 9.1076 11.9571 14.1476 15.94 17.7616 20.3243 25.6293 28.8374 33.6147 38.3795 66.636 66.9303 66.9035 66.8768 66.85 64.7889 57.5995 47.9476 1 
80 80000 1 5.1005 8.7106 11.6114 14.039 16.0629 18.1844 19.9287 23.4371 27.4824 31.6068 35.7043 60.469 60.727 60.7073 60.6877 60.668 59.1546 53.3356 46.2866 1 
80 100000 1 4.9314 8.4243 11.388 13.9628 16.3296 18.6932 20.4469 23.4504 26.968 30.5603 34.1333 56.4579 56.6904 56.6759 56.6615 56.647 55.5343 50.5122 44.9091 1 




     
DR Re 
Mass Q uality ( x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
80 200000 1 7.6824 14.0197 18.0599 20.55 21.8982 22.8921 22.9507 25.2586 29.2311 34.6266 41.4456 100.9138 101.4309 101.3902 101.3496 101.3089 101.2682 97.3653 82.2479 1 
80 400000 1 9.7161 15.9594 18.849 20.1815 20.5729 20.5839 19.8024 21.6207 25.3463 31.0243 38.4884 101.8813 102.4325 102.3944 102.3563 102.3181 102.28 98.6184 83.3909 1 
80 600000 1 9.6174 15.674 18.7461 19.6868 19.7356 19.4957 18.417 20.4441 24.1863 29.8685 37.201 102.0539 102.6178 102.5788 102.5398 102.5008 102.4618 98.7164 82.9321 1 
80 800000 1 11.2449 17.5892 20.6175 21.598 21.3223 20.4349 18.7448 20.4011 23.794 29.3629 36.5996 102.0753 102.6446 102.6052 102.5657 102.5262 102.4868 98.6986 82.5974 1 
80 1000000 1 8.2305 14.7104 18.2353 19.6445 19.8893 19.2967 17.8291 19.4512 23.4534 29.178 36.2338 102.1055 102.6783 102.6378 102.5974 102.5569 102.5165 98.6338 82.1069 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
60 100 1 4.0337 6.4206 8.8213 11.0355 13.0962 14.9735 16.2691 18.0848 19.7695 21.3217 23.1435 32.1299 32.2235 32.2159 32.2083 32.2008 31.6163 28.7868 24.6506 1 
60 200 1 3.9825 6.36 8.7426 10.9425 12.9977 14.8759 16.2699 18.0867 19.7758 21.3292 23.1457 32.1442 32.238 32.2304 32.2228 32.2152 31.6308 28.8072 24.6829 1 
60 400 1 3.9358 6.3066 8.6772 10.8711 12.9275 14.8118 16.2716 18.0909 19.7894 21.3455 23.1506 32.1746 32.2686 32.261 32.2534 32.2458 31.661 28.8492 24.749 1 
60 600 1 3.9092 6.2765 8.6415 10.8344 12.8927 14.7812 16.2737 18.0956 19.8043 21.3637 23.156 32.2074 32.3017 32.2941 32.2865 32.2789 31.6928 28.893 24.817 1 
60 1000 1 3.7261 6.2246 8.8485 10.7969 12.8606 14.7571 16.2789 18.1062 19.8383 21.4061 23.1689 32.2811 32.376 32.3683 32.3607 32.353 31.7607 28.9853 24.9577 1 
60 2000 1 4.2844 7.3682 9.8085 10.8138 11.9791 12.9344 13.5399 17.5227 21.352 24.7396 28.6538 47.7424 47.9412 47.929 47.9168 47.9046 46.966 41.6308 34.9086 1 
60 4000 1 4.157 7.0701 10.6183 11.6862 13.2478 13.2783 14.4771 19.1269 23.0502 25.9059 29.4625 45.3652 45.5308 45.5188 45.5067 45.4947 44.5669 39.7586 32.6433 1 
60 6000 1 2.6217 5.1461 7.4168 9.2201 11.0293 13.0519 15.3336 19.7059 24.7521 28.2368 32.7502 49.1617 49.3749 49.588 49.5488 49.5096 47.2359 41.7287 33.5501 1 
60 8000 1 3.0329 5.8324 8.0915 10.0764 11.8074 13.8194 15.9094 19.383 23.6234 27.8767 31.4381 51.2239 51.43 51.406 51.3819 51.3579 49.5065 43.507 34.5164 1 
60 10000 1 2.4959 4.7178 7.5378 10.4187 13.4409 15.9345 18.8917 22.1636 25.6116 30.0714 32.8712 54.3838 54.6079 54.5843 54.5607 54.5371 52.7207 47.6056 38.9497 1 
60 20000 1 2.8564 5.2693 8.6717 11.9038 15.8778 20.0397 24.1254 27.0978 31.1308 36.5017 39.3648 55.5246 55.6929 55.6557 55.6185 55.5813 52.7169 47.2023 38.5708 1 
60 40000 1 2.4054 5.5522 9.1016 13.2941 17.6399 22.4477 26.8023 32.0152 36.4521 40.8506 43.5305 53.5849 53.7154 53.6986 53.6818 52.7058 47.99 41.8266 34.3399 1 
60 60000 1 3.4761 7.0704 9.6655 11.6183 13.1093 14.5777 16.2897 20.3529 22.6005 26.5979 30.3353 51.68 51.9024 51.8803 51.8582 51.8361 50.1343 44.323 35.8087 1 
60 80000 1 5.3379 8.5256 10.8193 12.5773 13.8997 15.289 16.0672 18.0966 21.1302 24.6107 27.9851 46.5879 46.7816 46.7648 46.7479 46.731 45.4309 40.7338 34.33 1 
60 100000 1 4.9548 9.6989 13.233 15.8226 17.9091 19.6983 20.231 21.765 23.7593 25.8087 27.6012 43.6035 43.7702 43.7611 43.7519 43.7427 43.0376 38.9922 33.3274 1 
60 150000 1 4.444 10.0456 14.3109 17.5241 19.9184 22.2912 23.3297 25.6859 28.8661 32.5202 36.6416 78.3147 78.6771 78.6453 78.6135 78.5817 78.5499 75.4955 64.4934 1 
60 200000 1 6.0105 10.9434 14.179 16.204 17.4319 18.5541 18.4494 20.2246 23.2227 27.417 32.5595 78.4777 78.877 78.8459 78.8148 78.7837 78.7525 75.7655 64.7225 1 
60 400000 1 7.134 12.1302 14.6241 15.7636 16.248 16.5165 15.761 17.1838 20.0263 24.2126 29.862 79.2565 79.686 79.6569 79.6278 79.5988 79.5697 76.78 65.6113 1 
60 600000 1 7.1627 11.8671 14.5938 15.4538 15.5958 15.539 14.6062 16.2287 19.111 23.3297 28.7954 79.3793 79.8192 79.79 79.7608 79.7317 79.7025 76.9021 65.3292 1 
60 800000 1 8.0412 13.0386 15.5431 16.5593 16.5168 15.9679 14.6518 16.0578 18.7897 23.1115 28.4537 79.4011 79.8441 79.8149 79.7856 79.7563 79.727 76.915 65.1108 1 
60 1000000 1 6.5581 11.5486 14.298 15.4375 15.7365 15.3934 14.0246 15.2165 18.4195 22.8838 28.182 79.4508 79.8966 79.8662 79.8359 79.8056 79.7752 76.8623 64.7321 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
40 100 1 2.8656 4.4413 5.987 7.4659 8.8424 10.1282 11.2873 12.5963 13.5946 14.7512 16.0153 22.1389 22.2027 22.1979 22.1932 22.1884 21.8215 19.8804 17.0808 1 
40 200 1 2.8566 4.4298 5.9711 7.4472 8.8219 10.1062 11.2876 12.5962 13.5962 14.7539 16.0142 22.144 22.2079 22.2032 22.1985 22.1938 21.8317 19.8953 17.1037 1 
40 400 1 2.8488 4.4201 5.9587 7.4365 8.8128 10.0977 11.2883 12.5959 13.5999 14.76 16.0119 22.1552 22.2192 22.2146 22.21 22.2054 21.8532 19.9263 17.1507 1 
40 600 1 2.8442 4.414 5.9506 7.4301 8.8076 10.0919 11.2893 12.5955 13.6044 14.7671 16.0097 22.1674 22.2315 22.2271 22.2226 22.2182 21.8756 19.9586 17.1991 1 
40 1000 1 2.8383 4.4057 5.9392 7.4239 8.8045 10.0877 11.2921 12.5946 13.6158 14.7845 16.0054 22.1955 22.26 22.2558 22.2516 22.2474 21.9238 20.027 17.2997 1 
40 2000 1 3.4199 5.5717 7.0706 7.6416 8.1401 8.485 8.5565 11.2168 13.6217 15.6283 18.0357 30.6728 30.8044 30.7999 30.7953 30.7908 30.4404 26.8073 21.5567 1 
40 4000 1 3.2325 5.025 7.1859 7.8878 8.7244 8.5965 9.3076 12.5476 15.1077 16.9638 18.7608 29.0976 29.2318 29.3661 29.3586 29.3511 28.9161 25.8333 20.9001 1 
40 6000 1 2.2464 3.5886 4.8149 6.0128 7.08 8.4145 9.9657 12.7346 16.3609 19.0189 21.7794 33.3142 33.464 33.4623 33.4605 33.3587 32.042 28.1844 22.0311 1 
40 8000 1 2.6156 4.4143 5.7607 6.9149 7.8356 8.9689 10.1947 12.3226 15.363 18.458 20.7926 35.2521 35.4399 35.6277 35.6068 35.5859 34.3738 30.0188 22.9859 1 
40 10000 1 2.2245 3.6703 5.2627 7.0838 8.8184 9.9606 11.4899 13.2118 15.2858 17.0037 17.6774 33.7077 33.8747 33.8715 33.8683 33.8651 33.6173 31.2453 26.1789 1 
40 20000 1 2.399 3.947 6.2344 8.4527 11.1285 13.8287 16.4716 17.9349 20.1148 22.2162 22.5258 33.2604 33.3998 33.5392 33.5155 33.4917 32.1128 29.8533 25.6818 1 
40 40000 1 2.3102 4.9204 7.3329 9.9175 12.2322 14.7738 16.8989 19.9766 22.5004 25.3505 27.0057 36.0766 36.1944 36.1859 36.1774 35.6846 32.8643 28.5565 22.6349 1 
40 60000 1 2.9465 5.7971 7.6887 9.0896 10.0132 10.8802 11.7152 14.4198 15.806 18.3927 20.9392 35.3951 35.5457 35.5305 35.5154 35.5002 34.3346 30.125 23.5919 1 
40 80000 1 4.6332 7.202 8.8299 10.0244 10.6742 11.3654 11.6023 12.6924 14.697 17.0636 19.5363 32.2973 32.4302 32.418 32.4059 32.3937 31.4576 27.9386 22.6834 1 
40 100000 1 4.4011 8.6803 11.6348 13.6566 15.075 16.1044 15.9464 16.5038 17.5767 18.6109 19.5398 30.1517 30.2622 30.256 30.2498 30.2436 29.7656 26.755 21.9481 1 
40 150000 1 3.9985 8.8695 12.5626 15.3622 17.1167 18.9013 19.275 20.4796 22.2942 24.1752 26.3409 54.8143 55.0619 55.0416 55.0213 55.001 54.9807 53.0327 46.042 1 
40 200000 1 5.0877 8.468 10.7584 12.2855 13.0597 13.9957 13.6656 14.5851 16.6255 19.6139 23.0494 54.674 54.949 54.9291 54.9091 54.8891 54.8692 52.9533 46.1018 1 
40 400000 1 5.6501 9.243 11.1828 12.0702 12.4615 12.7236 11.8497 12.5353 14.3374 17.0061 20.6671 55.2356 55.5362 55.5179 55.4997 55.4814 55.4631 53.7098 46.737 1 
40 600000 1 4.8336 8.3679 10.83 11.6619 11.9163 12.0607 11.1827 12.2937 14.091 16.5162 19.8305 55.3239 55.6326 55.6144 55.5962 55.578 55.5598 53.8128 46.5745 1 
40 800000 1 4.9114 8.4292 10.3201 11.3956 11.5571 11.4726 10.6205 11.8768 13.8905 16.812 20.1116 55.3664 55.673 55.6546 55.6362 55.6177 55.5993 53.8323 46.4394 1 
40 1000000 1 4.7761 8.1978 10.1283 10.9797 11.4109 11.3971 10.199 10.9289 13.3893 16.6134 19.9856 55.412 55.72 55.7009 55.6817 55.6625 55.6434 53.8031 46.1997 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
30 100 1 2.1601 3.3578 4.4379 5.5128 6.5527 7.5318 8.7811 9.7114 10.5503 11.4864 12.3642 17.0373 17.086 17.0819 17.0778 17.0737 16.7592 15.2851 13.081 1 
30 200 1 2.1839 3.3852 4.4733 5.5551 6.5974 7.5745 8.7805 9.712 10.5502 11.4867 12.3635 17.0402 17.0889 17.0849 17.0809 17.0768 16.766 15.2941 13.0958 1 
30 400 1 2.2049 3.4085 4.5032 5.5901 6.634 7.6076 8.7794 9.7135 10.5503 11.4873 12.3622 17.0465 17.0953 17.0914 17.0874 17.0835 16.7801 15.3125 13.1257 1 
30 600 1 2.2158 3.4201 4.5178 5.6071 6.6516 7.622 8.7782 9.7151 10.5505 11.4882 12.3608 17.0535 17.1024 17.0985 17.0947 17.0908 16.7949 15.3315 13.1562 1 
30 1000 1 2.228 3.432 4.5328 5.6239 6.6693 7.6338 8.7759 9.7188 10.5518 11.4904 12.3582 17.0698 17.1189 17.1152 17.1116 17.1079 16.8266 15.371 13.2182 1 
30 2000 1 2.9116 4.5667 5.3398 6.5289 6.9863 6.9794 7.317 8.859 10.7225 12.1075 13.7419 22.7782 22.8723 22.8664 22.8605 22.8546 22.3998 19.4728 13.8691 1 
30 4000 1 2.8603 4.3302 5.162 6.3308 6.818 6.8188 7.5087 9.4868 11.2163 12.9529 13.5214 21.8055 21.9131 22.0206 22.0183 21.9285 21.2409 18.7804 14.3339 1 
30 6000 1 2.3609 3.4944 4.4212 4.9631 5.3588 5.8617 6.6854 8.8557 11.0484 13.2145 14.1871 23.4959 23.6168 23.6131 23.6093 23.3904 22.4446 19.4822 14.6599 1 




     
DR Re 
Mass Q uality ( x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
30 10000 1 1.8522 3.0912 4.1904 5.3017 6.5668 7.6867 8.8013 11.2842 13.6036 15.508 17.1483 26.8623 26.9885 26.9849 26.9813 26.7751 24.7584 21.3869 15.6462 1 
30 20000 1 1.8571 3.0995 4.3851 5.5224 6.7923 8.2043 9.7199 12.0233 14.6531 17.0456 18.526 27.2012 27.3139 27.308 27.3021 26.9611 24.6321 21.1992 15.5195 1 
30 40000 1 2.2578 4.2945 5.821 7.152 7.8817 8.9013 9.5522 12.1512 13.742 15.9038 17.557 27.1018 27.2258 27.222 27.2182 26.9971 25.5372 21.9155 16.0852 1 
30 60000 1 2.9498 5.4824 6.9292 8.2405 9.0254 9.8081 9.7106 11.6886 13.0723 15.1908 17.0407 26.6127 26.737 26.8613 26.8407 26.8201 25.6255 22.1932 16.562 1 
30 80000 1 2.9692 4.923 6.1024 6.9988 7.573 8.2884 8.555 9.6595 11.2343 13.2428 15.2576 24.7941 24.918 25.0418 25.0228 25.0037 23.8978 20.8329 15.9721 1 
30 100000 1 2.9909 4.805 6.0551 6.988 7.9154 8.9252 9.1288 9.9954 11.3816 12.926 14.6379 22.6908 22.7954 22.9 22.8828 22.8656 21.8693 19.2211 15.1428 1 
30 150000 1 5.6197 7.7886 9.3462 10.5103 11.2626 12.4505 12.5902 13.2388 14.943 17.0039 19.8657 42.1925 42.3866 42.3708 42.355 42.3392 42.3234 40.8069 36.2895 1 
30 200000 1 8.2345 13.4186 16.4976 18.0018 18.3727 18.408 16.5965 15.7682 15.9132 16.7639 18.3017 43.8068 44.0286 44.0136 43.9987 43.9838 43.9689 42.5371 37.0107 1 
30 400000 1 10.1434 17.2419 21.59 23.3816 23.9262 23.5547 20.9744 19.3581 18.2434 17.6751 18.2801 44.0012 44.2249 44.2135 44.2022 44.1908 44.1795 43.0903 37.7616 1 
30 600000 1 7.6943 19.2497 27.9379 32.9471 35.8543 37.4018 35.9656 34.659 31.7943 27.5346 25.7976 41.1945 41.3284 41.3206 41.3128 41.305 41.2972 40.548 37.2633 1 
30 800000 1 2.257 9.1478 16.3571 23.7914 30.5254 37.1521 41.9342 44.3741 45.0289 43.8491 41.286 41.2418 41.1976 40.813 40.255 39.4645 38.2454 36.4568 35.2593 1 
30 1000000 1 1.6812 6.5187 11.8879 17.5537 23.7326 29.6511 33.7061 35.7136 38.0415 38.7994 41.5043 41.5278 41.5193 41.5108 41.5023 41.4937 40.6758 38.2795 35.3011 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
20 100 1 1.7689 2.5403 3.2483 3.9497 4.6464 5.3229 6.1894 6.7979 7.3956 8.0358 11.7777 11.8102 11.8081 11.8061 11.8041 11.802 11.6054 10.5875 9.1135 1 
20 200 1 1.788 2.5625 3.2765 3.9834 4.6825 5.3579 6.1895 6.7985 7.3945 8.0363 11.7796 11.8122 11.8102 11.8081 11.8061 11.8041 11.6102 10.5934 9.1232 1 
20 400 1 1.8052 2.5817 3.2999 4.0106 4.7113 5.3848 6.1898 6.7999 7.3923 8.0372 11.7838 11.8164 11.8145 11.8125 11.8105 11.8086 11.6202 10.6057 9.143 1 
20 600 1 1.8146 2.5917 3.3115 4.0239 4.7255 5.3974 6.1901 6.8014 7.39 8.0381 11.7885 11.8211 11.8192 11.8173 11.8154 11.8134 11.6306 10.6183 9.1631 1 
20 1000 1 1.8255 2.6029 3.3232 4.0368 4.74 5.409 6.1909 6.8051 7.3853 8.0403 11.7989 11.8316 11.8298 11.8281 11.8263 11.8245 11.6528 10.6445 9.204 1 
20 2000 1 2.6251 3.6046 4.0702 4.9053 5.351 5.558 5.9859 7.0279 8.2611 9.4098 15.8572 15.9244 15.9915 15.9905 15.9895 15.9308 15.3267 13.2339 9.3348 1 
20 4000 1 2.6134 3.5005 3.9334 4.7324 5.1536 5.3921 5.9934 7.396 8.4644 9.6847 15.4498 15.5247 15.5996 15.5993 15.5867 15.3157 14.7736 13.0183 9.9184 1 
20 6000 1 2.0397 2.8665 3.471 3.8425 4.1103 4.3675 4.7828 6.216 7.4411 8.925 16.3578 16.4353 16.5127 16.5115 16.5104 16.4433 15.9059 13.767 10.2371 1 
20 8000 1 1.8582 2.8141 3.4996 4.067 4.5462 5.0949 5.5074 6.9581 8.2958 9.8953 17.5714 17.6514 17.6498 17.6483 17.6468 17.528 16.7921 14.3305 10.5078 1 
20 10000 1 1.5873 2.3783 2.9958 3.6812 4.4096 5.1771 5.9092 7.722 9.1272 10.4545 17.6582 17.7332 17.7328 17.7324 17.7319 17.6996 16.4474 14.2898 10.595 1 
20 20000 1 1.5531 2.3963 3.1151 3.8602 4.6031 5.5021 6.318 8.2391 9.8605 11.4566 17.8532 17.9199 17.9186 17.9173 17.916 17.8179 16.3598 14.1625 10.4701 1 
20 40000 1 1.8153 3.2719 4.3839 5.4329 6.0154 6.8647 7.4173 8.8727 9.9038 11.6372 18.5464 18.6184 18.6162 18.614 18.6119 18.4458 17.4542 14.946 10.9652 1 
20 60000 1 2.4555 4.3613 5.381 6.4668 7.0646 7.7409 7.7139 8.7715 9.5275 10.7785 18.0614 18.1248 18.1183 18.1119 18.1054 18.0989 17.4796 15.1517 11.3242 1 
20 80000 1 2.3789 3.7223 4.4489 5.1342 5.5323 6.0793 6.3864 7.1725 8.101 9.387 17.4392 17.523 17.6069 17.5976 17.5883 17.579 16.863 14.644 11.108 1 
20 100000 1 2.2757 3.4603 4.2162 4.9045 5.6275 6.3887 6.6915 7.3461 8.1846 9.0995 15.9234 15.9945 16.0655 16.0568 16.0481 16.0394 15.369 13.4618 10.505 1 
20 150000 1 3.6247 4.9904 6.1525 7.3439 7.9543 9.1134 9.6309 10.245 11.3766 12.569 28.6586 28.7786 28.7707 28.7627 28.7548 28.7468 28.7388 27.8237 24.9216 1 
20 200000 1 4.4455 8.6226 11.6925 13.7296 14.7868 15.783 15.1774 14.6626 14.7954 14.758 29.6881 29.7995 29.7929 29.7863 29.7798 29.7732 29.7666 29.0094 25.5962 1 
20 400000 1 4.2098 9.7769 14.4891 17.8909 20.7429 23.2524 23.9171 23.4879 22.9536 21.5559 27.6299 27.6752 27.6711 27.6669 27.6628 27.6586 27.6545 27.178 25.6099 1 
20 600000 1 6.3134 15.8126 23.6817 28.9161 32.6089 35.5249 36.0186 35.3142 32.7085 28.1481 26.471 26.4564 26.4418 26.4273 26.4127 26.3981 26.3302 25.6346 24.9586 1 
20 800000 1 1.4001 6.5234 12.5577 19.2402 25.6376 32.2776 37.517 40.5691 41.4799 40.4462 36.6516 34.008 33.9402 31.8175 29.6547 27.6023 25.6949 23.9788 23.5182 1 
20 1000000 1 0 3.5044 8.8135 15.2974 22.9582 30.797 37.0529 40.5001 42.8639 43.2206 40.6144 36.059 35.6731 33.2097 30.6911 28.2732 25.9898 23.9295 23.1419 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
13 100 1 1.5293 2.0166 2.4719 2.9343 3.391 3.8386 4.3154 4.7358 5.0978 5.5068 5.9298 8.046 8.0681 8.066 8.0639 8.0618 7.9006 7.157 6.129 1 
13 200 1 1.5368 2.025 2.4819 2.9468 3.4043 3.8522 4.3154 4.7358 5.0974 5.5066 5.9304 8.0469 8.069 8.0669 8.0648 8.0628 7.9037 7.161 6.1357 1 
13 400 1 1.5441 2.0326 2.4897 2.9565 3.4144 3.8624 4.3155 4.7359 5.0966 5.5062 5.9315 8.0488 8.0708 8.0688 8.0668 8.0648 7.9099 7.1692 6.1493 1 
13 600 1 1.5486 2.0369 2.4932 2.9614 3.4195 3.8678 4.3157 4.7361 5.0958 5.5058 5.9326 8.0507 8.0728 8.0708 8.0689 8.0669 7.9164 7.1777 6.1631 1 
13 1000 1 1.555 2.0423 2.4959 2.9664 3.4244 3.8739 4.3161 4.7363 5.0944 5.5052 5.9351 8.0617 8.0893 8.1169 8.1138 8.1107 7.9298 7.1952 6.1911 1 
13 2000 1 2.4278 3.1272 3.4257 3.727 3.8558 3.9128 3.9938 4.5749 5.315 6.1372 7.1146 11.5208 11.578 11.6352 11.6306 11.6259 11.3561 9.8413 7.1187 1 
13 4000 1 2.2849 2.8566 3.0512 3.3575 3.4768 3.6321 3.8069 4.6376 5.3796 6.2078 7.169 10.9417 10.9907 10.9904 10.9901 10.9734 10.6304 9.3695 7.1658 1 
13 6000 1 1.752 2.3232 2.6695 2.9677 3.1291 3.2369 3.337 4.0626 4.9344 5.9354 7.0443 11.553 11.6115 11.6701 11.6697 11.6538 11.3261 9.8166 7.2957 1 
13 8000 1 1.5859 2.1601 2.5622 2.9727 3.2194 3.5493 3.7764 4.6567 5.704 6.4878 7.3703 11.2081 11.258 11.2563 11.2547 11.1586 10.808 9.3586 7.147 1 
13 10000 1 1.5555 1.9113 2.2233 2.6171 3.1709 3.7254 4.2657 5.0558 5.872 6.5638 7.044 10.3897 10.4332 10.4327 10.4322 10.4039 9.9176 8.8327 7.066 1 
13 20000 1 1.5229 1.9824 2.3327 2.869 3.4117 4.0446 4.6117 5.4078 6.1121 6.7448 7.0298 9.8332 9.8697 9.9061 9.9054 9.8815 9.4158 8.4953 6.9483 1 
13 40000 1 1.9003 2.5627 2.9622 3.5201 3.6395 3.9262 4.0258 4.6198 5.4862 6.7797 7.7553 12.2074 12.2652 12.323 12.3217 12.2711 11.7259 10.1527 7.6537 1 
13 60000 1 1.8874 2.5976 3.0642 3.6866 3.6619 3.9651 4.0127 4.661 5.5515 6.619 7.8744 12.2877 12.3451 12.4024 12.3928 12.3833 11.8308 10.272 7.8256 1 
13 80000 1 1.9892 2.6673 3.23 3.8918 3.7881 4.0073 4.1422 4.7386 5.6351 6.6469 7.7684 12.2321 12.2786 12.2728 12.267 12.2613 11.8173 10.295 7.8892 1 
13 100000 1 1.1109 1.3278 2.0107 3.005 3.4612 4.3677 5.1782 6.1537 7.2926 8.4225 9.345 11.8872 11.9202 11.9151 11.91 11.6146 10.8021 9.3164 7.305 1 
13 150000 1 5.7506 7.7938 9.0593 9.9711 9.0484 8.5597 7.5876 6.9202 6.8455 6.98 7.5385 18.9692 19.0686 19.0616 19.0546 19.0476 19.0406 18.3686 16.0245 1 
13 200000 1 8.1145 13.213 16.4053 18.0265 17.5459 16.7948 14.5864 12.6221 11.2284 9.8776 9.2298 19.6682 19.759 19.7525 19.746 19.7395 19.733 19.1078 16.415 1 
13 400000 1 7.2311 12.0652 15.2316 17.074 17.7007 17.7401 16.5746 15.0885 13.7159 11.9865 11.3023 18.6306 18.6943 18.6897 18.685 18.6803 18.6757 18.2279 16.4454 1 
13 600000 1 1.4856 5.1377 8.767 11.4678 13.8937 16.0468 17.3553 17.9051 17.7142 16.7041 15.1724 17.9375 17.9615 17.9557 17.9498 17.9439 17.9381 17.3754 16.0862 1 
13 800000 1 0.2249 0.0995 1.7051 4.8657 8.6737 13.176 17.7274 20.8386 22.9803 24.2669 24.1342 23.982 23.9781 22.5491 20.8054 18.9437 17.134 15.4801 14.6122 1 
13 1000000 1 0.0859 0 0 1.999 6.3365 11.6252 16.7679 20.3039 23.5513 26.0004 26.5878 27.069 27.0813 25.0512 22.5047 19.8089 17.2293 15.0137 13.9272 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
10 100 1 1.3945 1.7694 2.143 2.4959 2.8268 3.1595 3.4879 3.8169 4.1441 4.4271 4.7346 6.318 6.3345 6.3327 6.331 6.3292 6.1914 5.6181 4.792 1 




     
DR Re 
Mass Q uality ( x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
10 400 1 1.3967 1.7717 2.1455 2.4995 2.8295 3.1617 3.4869 3.8174 4.1461 4.4276 4.7381 6.3152 6.3316 6.3299 6.3282 6.3265 6.1945 5.6228 4.8048 1 
10 600 1 1.3973 1.7723 2.1457 2.5002 2.8295 3.1613 3.4862 3.8179 4.1475 4.428 4.7407 6.3133 6.3297 6.328 6.3264 6.3247 6.1968 5.626 4.8135 1 
10 1000 1 1.3981 1.7728 2.1455 2.5007 2.8284 3.1596 3.485 3.819 4.1507 4.429 4.7464 6.3095 6.3258 6.3242 6.3227 6.3211 6.2015 5.6324 4.8309 1 
10 2000 1 1.4501 1.8107 2.1571 2.4528 2.7516 3.093 3.4237 3.8165 4.0728 4.4482 4.784 6.4066 6.4277 6.4273 6.4269 6.4037 6.357 5.7302 4.8475 1 
10 4000 1 1.4057 1.5662 1.7762 2.1055 2.4813 3.0076 3.5236 4.2141 4.6051 4.7901 5.2381 6.0425 6.0564 6.0504 5.817 5.5448 5.3887 4.9807 4.6279 1 
10 6000 1 1.153 1.31 1.5751 1.9846 2.3943 2.7637 3.1952 3.8073 4.2541 4.4149 4.9669 6.156 6.1765 6.1757 6.1431 5.9274 5.8021 5.2369 4.6837 1 
10 8000 1 1.3453 1.5334 1.8039 2.2031 2.4973 2.8984 3.3201 3.599 4.1214 4.434 5.1238 7.0675 7.0928 7.0918 7.0908 7.0325 6.9228 6.1333 5.1186 1 
10 10000 1 1.3643 1.5192 1.7244 1.9877 2.3698 2.7995 3.2898 3.7092 4.2459 4.6393 5.2193 7.0346 7.0582 7.0818 7.0816 7.0739 6.8758 6.1825 5.2269 1 
10 20000 1 1.2587 1.4421 1.6247 2.1939 3.1112 3.9162 4.7405 5.4092 5.9455 6.3377 6.6204 7.1207 7.1335 6.9953 6.8038 6.5032 6.1324 5.4967 4.8275 1 
10 40000 1 1.3628 1.661 2.5529 3.8623 4.6161 6.0553 7.3702 8.273 8.965 9.4068 9.4228 9.1601 8.9015 8.2956 7.4961 6.6638 5.9425 5.0863 4.5281 1 
10 60000 1 1.3669 1.6158 2.639 4.0649 4.5974 6.1164 7.4361 8.4327 9.1065 9.4483 9.557 9.2713 8.9842 8.3495 7.5769 6.7272 5.9237 5.0577 4.4941 1 
10 80000 1 1.456 1.6184 2.7022 4.1616 4.5919 6.0458 7.4768 8.4812 9.1688 9.4876 9.5592 9.2735 8.9767 8.3385 7.5626 6.7103 5.8934 5.0298 4.4572 1 
10 100000 1 0.8836 1.0222 2.1016 3.405 3.6635 4.8386 5.9495 6.701 7.2902 7.6482 7.7628 7.428 7.4221 7.1808 6.8171 6.3485 5.8116 5.1535 4.5874 1 
10 150000 1 5.9108 7.7749 9.1801 10.0966 8.7463 8.1702 7.1891 6.9657 6.9643 6.9628 6.9613 6.9599 6.9584 6.957 6.9555 6.908 6.5967 6.0321 5.5368 1 
10 200000 1 9.7109 13.0769 14.9939 15.4412 13.5062 11.8563 9.2217 7.0221 7.0093 6.9965 6.9838 6.971 6.9582 6.9454 6.9326 6.9198 6.7064 6.1766 5.6007 1 
10 400000 1 3.4633 3.1408 3.3462 3.6326 3.4336 3.8268 4.013 6.795 6.8111 6.8105 6.8098 6.8092 6.8085 6.8079 6.8072 6.8065 6.7056 6.1739 5.5912 1 
10 600000 1 1.4496 1.796 2.5616 2.9713 3.3949 3.9563 4.325 6.8046 6.819 6.8184 6.8177 6.8171 6.8164 6.8158 6.8152 6.8145 6.7172 6.1698 5.5759 1 
10 800000 1 1.3912 1.7735 2.0941 2.7439 3.2016 3.6713 4.2046 6.7964 6.8115 6.8109 6.8104 6.8098 6.8093 6.8087 6.8081 6.8076 6.7225 6.1683 5.5706 1 
10 1000000 1 1.4215 1.8128 2.2088 2.596 3.1757 3.7456 3.9921 6.7999 6.8162 6.8156 6.815 6.8144 6.8138 6.8132 6.8126 6.812 6.7197 6.1636 5.5532 
 x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
7 100 1 1.2932 1.548 1.8003 2.0442 2.2769 2.501 2.6805 4.6118 4.623 4.6223 4.6217 4.621 4.6204 4.6198 4.6191 4.6185 4.5195 4.0926 3.4693 1 
7 200 1 1.2894 1.5436 1.7948 2.0377 2.2703 2.4947 2.6806 4.6115 4.6227 4.622 4.6214 4.6208 4.6201 4.6195 4.6188 4.6182 4.5197 4.0937 3.4725 1 
7 400 1 1.2859 1.5397 1.7897 2.0318 2.2643 2.4891 2.6809 4.6109 4.6221 4.6214 4.6208 4.6202 4.6195 4.6189 4.6183 4.6176 4.5202 4.0961 3.4789 1 
7 600 1 1.284 1.5376 1.7872 2.029 2.2617 2.4869 2.6813 4.6103 4.6215 4.6209 4.6202 4.6196 4.619 4.6183 4.6177 4.6171 4.5207 4.0984 3.4854 1 
7 1000 1 1.2818 1.5352 1.7845 2.0263 2.2594 2.4852 2.6821 4.6091 4.6203 4.6197 4.619 4.6184 4.6178 4.6172 4.6166 4.616 4.5218 4.1032 3.4984 1 
7 2000 1 1.3069 1.5474 1.8095 1.8828 2.0715 2.3341 2.546 4.7369 4.7513 4.7656 4.7799 4.777 4.7741 4.7713 4.7684 4.7655 4.7626 4.3775 3.9264 1 
7 4000 1 1.2982 1.539 1.7367 1.8057 1.9669 2.2342 2.3688 4.6695 4.6845 4.6996 4.6991 4.6987 4.6982 4.6978 4.6973 4.6969 4.6363 4.2778 3.7877 1 
7 6000 1 1.2521 1.4927 1.7291 2.0251 2.3007 2.4482 2.5777 4.6649 4.6771 4.677 4.677 4.6769 4.6768 4.6768 4.6767 4.6767 4.6684 4.2782 3.7708 1 
7 8000 1 1.3239 1.5539 1.7874 2.0537 2.3118 2.5547 2.7644 4.7245 4.7373 4.7501 4.7498 4.7494 4.7491 4.7487 4.7484 4.7481 4.702 4.2788 3.7726 1 
7 10000 1 1.2891 1.5292 1.7455 2.005 2.1665 2.4202 2.6588 4.6594 4.671 4.6826 4.6802 4.6778 4.6755 4.6731 4.6707 4.6683 4.6659 4.3009 3.8011 1 
7 20000 1 1.1043 1.2673 1.5505 2.0782 2.6524 3.3024 3.9514 5.4093 5.4219 5.4209 5.4198 5.4187 5.4177 5.3152 5.0226 4.7853 4.528 4.0796 3.6589 1 
7 40000 1 1.1025 1.2984 1.7846 2.5491 3.4345 4.4462 5.3503 6.7121 6.7298 6.7293 6.7287 6.6986 6.4312 6.0155 5.4326 4.9449 4.4027 3.846 3.5121 1 
7 60000 1 1.0993 1.3429 1.8289 2.606 3.4806 4.5498 5.5173 6.8431 6.8603 6.8589 6.8574 6.7725 6.4584 6.036 5.5264 4.9799 4.4048 3.83 3.4925 1 
7 80000 1 1.0949 1.3289 1.8322 2.6167 3.4787 4.4865 5.4903 6.846 6.8636 6.8621 6.8605 6.7711 6.4964 6.0699 5.5558 5.0017 4.4162 3.8308 3.4818 1 
7 100000 1 1.0614 1.2906 1.811 2.5732 3.5152 4.5161 5.5221 6.8768 6.8943 6.892 6.8897 6.7554 6.514 6.0861 5.5637 4.9987 4.4019 3.806 3.4399 1 
7 150000 1 1.4868 1.6482 1.9621 2.4936 2.29 2.5078 2.7636 4.669 4.6801 4.6794 4.6787 4.6781 4.6774 4.6768 4.6761 4.6754 4.5744 4.1426 3.5282 1 
7 200000 1 1.6097 1.7597 2.242 2.6569 2.5758 2.9226 3.0277 4.6839 4.6936 4.6928 4.6921 4.6913 4.6905 4.6898 4.689 4.6883 4.573 4.1335 3.5023 1 
7 400000 1 1.4378 1.6839 1.9891 2.304 2.6183 2.9775 3.2167 4.6937 4.7023 4.7015 4.7007 4.6999 4.6991 4.6982 4.6974 4.6966 4.5724 4.1297 3.4911 1 
7 600000 1 1.2623 1.5178 2.0676 2.3439 2.643 3.0249 3.3605 4.7023 4.7101 4.7092 4.7084 4.7075 4.7066 4.7058 4.7049 4.704 4.5715 4.1235 3.4732 1 
7 800000 1 1.24 1.4766 1.7231 2.26 2.4634 2.7911 3.2731 4.6992 4.7075 4.7066 4.7058 4.7049 4.7041 4.7032 4.7024 4.7015 4.5712 4.1213 3.4669 1 
7 1000000 1 1.2691 1.521 1.7671 2.0072 2.4388 2.8454 3.097 4.6939 4.7032 4.7023 4.7015 4.7007 4.6998 4.699 4.6982 4.6973 4.5701 4.1143 3.4464 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
5.5 100 1 1.2388 1.4312 1.6265 1.8151 1.9922 2.161 2.2656 3.7576 3.7662 3.7656 3.765 3.7644 3.7639 3.7633 3.7627 3.7621 3.6713 3.317 2.8021 1 
5.5 200 1 1.2328 1.4244 1.6178 1.8049 1.9817 2.151 2.2657 3.7573 3.766 3.7654 3.7648 3.7642 3.7636 3.763 3.7624 3.7618 3.6715 3.3179 2.8047 1 
5.5 400 1 1.2275 1.4184 1.6101 1.7959 1.9725 2.1423 2.2659 3.7568 3.7655 3.7649 3.7643 3.7637 3.7631 3.7626 3.762 3.7614 3.6719 3.3198 2.8099 1 
5.5 600 1 1.2246 1.4152 1.6062 1.7916 1.9684 2.1387 2.2662 3.7563 3.765 3.7644 3.7638 3.7632 3.7627 3.7621 3.7615 3.7609 3.6723 3.3218 2.8152 1 
5.5 1000 1 1.2212 1.4116 1.6019 1.7871 1.9644 2.1357 2.2668 3.7553 3.7639 3.7634 3.7628 3.7622 3.7617 3.7611 3.7605 3.76 3.6731 3.3256 2.8258 1 
5.5 2000 1 1.2352 1.4128 1.6307 1.6045 1.7302 1.9477 2.0986 3.9119 3.9224 3.933 3.9314 3.9297 3.9281 3.9265 3.9249 3.9232 3.9216 3.673 3.425 1 
5.5 4000 1 1.2239 1.4022 1.5567 1.528 1.6319 1.8529 1.9138 3.8329 3.8454 3.8579 3.8577 3.8574 3.8571 3.8568 3.8565 3.8562 3.8171 3.5339 3.1926 1 
5.5 6000 1 1.1838 1.3621 1.5321 1.7736 1.9986 2.0889 2.1567 3.8206 3.8302 3.8399 3.8399 3.8398 3.8398 3.8398 3.8398 3.8397 3.8354 3.538 3.1806 1 
5.5 8000 1 1.2712 1.4341 1.6025 1.8111 2.0131 2.1986 2.3614 3.8571 3.8669 3.8767 3.8766 3.8765 3.8764 3.8763 3.8761 3.876 3.8612 3.5384 3.1819 1 
5.5 10000 1 1.2263 1.4016 1.5551 1.7545 1.8456 2.0415 2.2212 3.7844 3.7926 3.7912 3.7898 3.7884 3.787 3.7856 3.7842 3.7828 3.7815 3.5424 3.185 1 
5.5 20000 1 1.0775 1.2008 1.3965 1.8162 2.2518 2.7479 3.2448 4.3866 4.3966 4.3958 4.3951 4.3943 4.3935 4.321 4.0378 3.8628 3.7257 3.3726 3.0758 1 
5.5 40000 1 1.0825 1.2232 1.5892 2.1792 2.8663 3.6429 4.3181 5.3872 5.4011 5.415 5.4147 5.4049 5.174 4.8572 4.3857 4.0519 3.6328 3.207 2.9815 1 
5.5 60000 1 1.0798 1.266 1.6329 2.235 2.901 3.733 4.5 5.4966 5.5096 5.5085 5.5075 5.4461 5.1653 4.8572 4.4823 4.0772 3.6422 3.199 2.9702 1 
5.5 80000 1 1.0679 1.2493 1.6316 2.2405 2.9023 3.6759 4.4464 5.498 5.5117 5.5106 5.5095 5.4454 5.2205 4.9085 4.5299 4.1167 3.6687 3.2119 2.971 1 
5.5 100000 1 1.0399 1.2173 1.6121 2.1969 2.9222 3.679 4.4629 5.5245 5.5383 5.5364 5.5346 5.43 5.2464 4.9339 4.5489 4.1265 3.6673 3.1995 2.9448 1 
5.5 150000 1 1.3994 1.501 1.7426 2.1954 1.9469 2.0905 2.3082 3.6685 3.6774 3.6863 3.6852 3.6841 3.683 3.6819 3.6808 3.6797 3.5326 3.1558 2.5427 1 




     
DR Re 
Mass Q uality ( x) 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
5.5 400000 1 1.3589 1.5355 1.7623 2.0138 2.2463 2.5246 2.7461 3.6913 3.6975 3.7036 3.7024 3.7011 3.6999 3.6986 3.6974 3.6961 3.5277 3.1417 2.5048 1 
5.5 600000 1 1.192 1.3824 1.8376 2.0518 2.2723 2.568 2.8764 3.6987 3.7041 3.7095 3.7095 3.7095 3.7094 3.7094 3.7094 3.7085 3.5254 3.135 2.4865 1 
5.5 800000 1 1.1592 1.3249 1.5039 1.9543 2.0992 2.3567 2.8034 3.6961 3.702 3.7078 3.7065 3.7052 3.7039 3.7026 3.7013 3.7 3.5245 3.1326 2.4801 1 
5.5 1000000 1 1.1948 1.3788 1.5568 1.7303 2.0764 2.4032 2.6448 3.6912 3.698 3.7048 3.7035 3.7022 3.7009 3.6996 3.6983 3.697 3.5219 3.1249 2.4591 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
4 100 1 1.1829 1.3128 1.4502 1.5826 1.7031 1.8158 1.8476 2.8973 2.9042 2.911 2.9103 2.9096 2.9088 2.9081 2.9074 2.9066 2.8082 2.5291 2.1279 1 
4 200 1 1.1752 1.3039 1.4388 1.5691 1.6892 1.8025 1.8477 2.897 2.9038 2.9107 2.91 2.9092 2.9085 2.9078 2.907 2.9063 2.8083 2.5298 2.1299 1 
4 400 1 1.1683 1.2961 1.4288 1.5574 1.6773 1.7914 1.8479 2.8963 2.9032 2.91 2.9093 2.9086 2.9078 2.9071 2.9064 2.9057 2.8086 2.5313 2.1339 1 
4 600 1 1.1646 1.292 1.4237 1.5518 1.6719 1.7865 1.848 2.8956 2.9025 2.9093 2.9086 2.9079 2.9072 2.9065 2.9057 2.905 2.8089 2.5327 2.138 1 
4 1000 1 1.1602 1.2873 1.4182 1.5458 1.6666 1.7824 1.8485 2.8942 2.9011 2.9079 2.9072 2.9065 2.9058 2.9051 2.9044 2.9037 2.8095 2.5357 2.1461 1 
4 2000 1 1.1641 1.2788 1.4498 1.3307 1.3943 1.5641 1.6537 3.1012 3.1088 3.1079 3.107 3.1061 3.1052 3.1043 3.1033 3.1024 3.1015 2.9449 2.8914 1 
4 4000 1 1.1507 1.2665 1.3763 1.2557 1.3029 1.4748 1.464 2.9799 2.9898 2.9997 2.9996 2.9994 2.9993 2.9991 2.999 2.9988 2.979 2.7722 2.5772 1 
4 6000 1 1.1161 1.2319 1.3361 1.5214 1.6938 1.727 1.734 2.9599 2.967 2.9741 2.9729 2.9717 2.9705 2.9693 2.9681 2.9668 2.9656 2.7796 2.5702 1 
4 8000 1 1.2167 1.3129 1.4165 1.5665 1.7111 1.8384 1.9524 2.9784 2.9851 2.9918 2.9985 2.997 2.9954 2.9939 2.9923 2.9907 2.9892 2.7798 2.5709 1 
4 10000 1 1.1632 1.2738 1.3646 1.5032 1.5252 1.6625 1.7827 2.9516 2.9577 2.9566 2.9556 2.9545 2.9535 2.9524 2.9514 2.9503 2.9493 2.7682 2.5522 1 
4 20000 1 1.0509 1.134 1.2422 1.5514 1.8469 2.1875 2.5302 3.3564 3.3651 3.3737 3.3729 3.3721 3.3713 3.31 3.043 2.9307 2.9068 2.6509 2.4767 1 
4 40000 1 1.062 1.1482 1.3926 1.8058 2.2902 2.8288 3.2726 4.0554 4.0636 4.0615 4.0595 4.0574 3.8988 3.6815 3.3248 3.1422 2.8473 2.5517 2.4322 1 
4 60000 1 1.0599 1.189 1.4338 1.8559 2.3072 2.8953 3.4517 4.1158 4.1244 4.1238 4.1231 4.0869 3.8488 3.6572 3.4195 3.1578 2.8643 2.5532 2.4299 1 
4 80000 1 1.0416 1.1701 1.4286 1.8567 2.3111 2.8439 3.3747 4.1156 4.1252 4.1246 4.1239 4.0869 3.9176 3.7226 3.4819 3.212 2.9036 2.5766 2.4414 1 
4 100000 1 1.0188 1.1439 1.4108 1.8135 2.316 2.8233 3.3768 4.1374 4.1472 4.146 4.1447 4.0715 3.9492 3.7545 3.5097 3.2324 2.9136 2.5758 2.4303 1 
4 150000 1 1.3134 1.3555 1.5252 1.8984 1.6065 1.6779 1.8536 2.6874 2.6929 2.6927 2.6925 2.6923 2.6921 2.6919 2.6917 2.6665 2.5048 2.1887 1.5978 1 
4 200000 1 1.4134 1.432 1.7523 2.0113 1.8437 2.0417 2.1174 2.6992 2.703 2.7027 2.7025 2.7022 2.7019 2.7017 2.7014 2.6647 2.4996 2.1785 1.5718 1 
4 400000 1 1.2809 1.3889 1.5391 1.7266 1.8795 2.0791 2.2746 2.7062 2.709 2.7087 2.7084 2.7081 2.7077 2.7074 2.7071 2.664 2.4975 2.1741 1.5606 1 
4 600000 1 1.1226 1.2482 1.6107 1.7623 1.9059 2.1183 2.393 2.7116 2.7137 2.7133 2.7129 2.7126 2.7122 2.7118 2.7115 2.6627 2.4939 2.167 1.5426 1 
4 800000 1 1.0808 1.1768 1.2889 1.6537 1.7403 1.9282 2.333 2.8947 2.9044 2.9022 2.817 2.7296 2.7285 2.7274 2.7262 2.6623 2.4927 2.1646 1.5363 1 
4 1000000 1 1.1219 1.2385 1.3491 1.4567 1.7187 1.9672 2.1905 2.3202 2.6561 3.0259 2.9528 2.759 2.7275 2.727 2.7264 2.6609 2.4887 2.1566 1.5157 1 
x  → 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 
2.5 100 1 1.1263 1.1936 1.2725 1.3475 1.4104 1.4659 1.4266 1.4845 1.5416 1.5981 1.6539 1.7092 2.0299 2.0355 2.0351 2.0217 1.9221 1.7213 1.4403 1 
2.5 200 1 1.1171 1.1831 1.2589 1.3314 1.3937 1.4499 1.4266 1.4845 1.5417 1.5982 1.654 1.7093 2.0297 2.0352 2.0349 2.0215 1.9222 1.7218 1.4417 1 
2.5 400 1 1.1088 1.1738 1.2469 1.3175 1.3796 1.4367 1.4267 1.4846 1.5418 1.5984 1.6543 1.7096 2.0292 2.0347 2.0344 2.0212 1.9223 1.7227 1.4443 1 
2.5 600 1 1.1044 1.1689 1.2409 1.3106 1.373 1.4308 1.4268 1.4847 1.542 1.5986 1.6545 1.7099 2.0287 2.0342 2.0339 2.0209 1.9225 1.7237 1.447 1 
2.5 1000 1 1.0992 1.1633 1.2342 1.3035 1.3665 1.4256 1.427 1.4851 1.5424 1.5991 1.6552 1.7106 2.0278 2.0332 2.0329 2.0203 1.9229 1.7256 1.4524 1 
2.5 2000 1 1.0943 1.1465 1.2681 1.0622 1.0642 1.1835 1.2109 1.4027 1.4107 1.6325 1.7711 1.7917 2.2961 2.2999 2.2807 2.2616 2.2424 2.2232 2.2041 1 
2.5 4000 1 1.0794 1.1327 1.1961 0.9893 0.9797 1.0996 1.0186 1.154 1.2441 1.3907 1.9457 1.9807 2.1474 2.1503 2.1501 2.1437 2.1138 1.9848 1.9349 1 
2.5 6000 1 1.0496 1.1031 1.1419 1.2695 1.3872 1.3626 1.3092 1.4429 1.441 1.4104 1.9281 2.0643 2.1091 2.1097 2.1103 2.1103 2.1098 1.9953 1.9328 1 
2.5 8000 1 1.1608 1.1913 1.2306 1.321 1.4067 1.4744 1.5373 1.4551 1.5009 1.5428 1.681 1.7352 2.1072 2.1111 2.1096 2.1082 2.1067 1.9953 1.9331 1 
2.5 10000 1 1.1004 1.1467 1.1748 1.2517 1.2057 1.2831 1.3425 1.2797 1.3122 1.5406 1.7368 1.7624 2.1151 2.1188 2.1169 2.1151 2.1132 1.9704 1.8958 1 
2.5 20000 1 1.0244 1.0665 1.0862 1.281 1.4332 1.6148 1.7995 1.9153 1.9362 2.0362 2.2552 2.3397 2.3117 2.2728 2.0287 1.9801 1.9783 1.9077 1.8554 1 
2.5 40000 1 1.0409 1.0728 1.1929 1.425 1.6998 1.9947 2.2017 2.2054 2.4734 2.6157 2.6792 2.7341 2.5925 2.4769 2.2399 2.2073 2.0388 1.8741 1.8583 1 
2.5 60000 1 1.0394 1.1113 1.2297 1.4649 1.6928 2.0274 2.36 2.4108 2.5092 2.6608 2.6985 2.681 2.4956 2.4246 2.3281 2.2133 2.0641 1.8866 1.866 1 
2.5 80000 1 1.0161 1.091 1.2213 1.4615 1.6985 1.981 2.2627 2.4624 2.5984 2.6755 2.7005 2.6817 2.5746 2.5006 2.4021 2.2793 2.114 1.9191 1.8872 1 
2.5 100000 1 0.998 1.0702 1.2051 1.4187 1.6899 1.9395 2.2513 2.4659 2.6113 2.6987 2.7183 2.666 2.6091 2.5366 2.4363 2.3084 2.134 1.929 1.8909 1 
2.5 150000 1 1.2296 1.2125 1.3109 1.6039 1.2694 1.2702 1.3992 1.4842 1.5606 1.6104 1.6772 1.7593 1.7465 1.7462 1.718 1.6272 1.4819 1.2327 0.6859 1 
2.5 200000 1 1.3192 1.2747 1.5149 1.6968 1.7446 1.7449 1.7452 1.7456 1.7459 1.7453 1.7448 1.7443 1.7035 1.7022 1.7009 1.6233 1.4755 1.2225 0.6615 1 
2.5 400000 1 1.2046 1.2452 1.3203 1.4432 1.5189 1.6412 1.8032 1.8027 1.8027 1.747 1.7461 1.7451 1.745 1.745 1.7153 1.6216 1.4727 1.2182 0.651 1 
2.5 600000 1 1.0548 1.1161 1.388 1.4767 1.5451 1.6765 1.9112 2.0115 2.0135 1.9164 1.751 1.7488 1.7467 1.7445 1.714 1.6189 1.4683 1.2112 0.6341 1 
2.5 800000 1 1.0054 1.0331 1.0792 1.3595 1.3875 1.5063 1.8628 2.0309 2.1627 2.2587 2.1423 1.9744 1.7501 1.7443 1.7135 1.618 1.4668 1.2088 0.6282 1 





3 Appendix B 
 
























DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.04666 239.69 8954.2 0.46677 81.8784 165.474 57.101 63.984 12.0536 
0.04666 237.4 10920.7 0.37686 99.5813 165.474 42.477 42.535 0.1367 
0.04666 237.4 12469.1 0.32959 113.7011 165.474 35.976 40.673 13.0551 
0.04666 235.11 13792.3 0.29701 125.4588 165.474 31.381 38.423 22.4393 
0.04666 230 14895.2 0.27091 135.4913 165.474 27.468 35.713 30.0156 
0.04666 232.93 16019.7 0.25443 145.3115 165.474 24.849 34.455 38.6564 
0.04666 232.93 16982.4 0.23949 154.0435 165.474 21.917 32.48 48.1957 
0.04666 232.05 17908.3 0.22751 162.2712 165.474 20.011 30.462 52.2292 
0.04666 230.72 18752.7 0.21561 169.6231 165.474 20.072 28.13 40.1439 
0.04666 230.72 19556.7 0.20645 176.8953 165.474 19.684 26.209 33.1492 
0.04666 230.72 20319.6 0.19841 183.796 165.474 19.375 24.778 27.8865 
0.04666 230.72 21050.2 0.19138 190.4047 165.474 18.214 24.227 33.0158 
0.04666 228.56 21728.8 0.18221 196.0579 165.474 17.63 23.012 30.5261 
0.04666 228.56 22349.5 0.17452 201.6581 165.474 17.881 22.225 24.2958 
0.04666 230.82 22811 0.16649 206.9132 165.474 17.086 21.608 26.469 
0.04666 239.13 22458.5 0.16289 213.6016 165.474 14.971 22.175 48.1141 
0.04666 239.33 22682.1 0.14922 216.8131 165.474 17.006 20.417 20.0544 
0.04666 226.55 11233.3 0.57023 101.4654 165.474 79.468 89.178 12.2187 
0.04666 224.54 13224.9 0.48042 119.3275 165.474 63.96 62.746 -1.8978 
0.04666 223.62 14758 0.42654 132.7838 165.474 61.604 57.185 -7.1733 
0.04666 220.33 16122.5 0.39105 144.7007 165.474 55.905 54.442 -2.6168 
0.04666 220.33 17207.8 0.36105 154.4413 165.474 52.538 50.9 -3.1164 
0.04666 220.24 18274 0.3382 163.5448 165.474 47.509 48.145 1.3388 
0.04666 219.03 19230.6 0.31886 171.7991 165.474 43.568 45.24 3.8372 
0.04666 218.2 20140.5 0.3033 179.7349 165.474 41.265 42.555 3.1261 
0.04666 218.39 20839.2 0.28906 187.0337 165.474 40.392 40.317 -0.1852 
0.04666 218.3 21399.8 0.28021 191.5191 165.474 38.738 39.046 0.7944 
0.04666 217.25 22072.4 0.269 198.3136 165.474 36.456 37.202 2.0467 
0.04666 218.39 22805.7 0.25881 204.6835 165.474 34.495 35.84 3.8989 
0.04666 217.98 23447.4 0.24845 210.4429 165.474 32.86 34.116 3.8215 
0.04666 217.61 24115.1 0.24003 216.2819 165.474 31.329 32.915 5.0629 
0.04666 217.16 24816.3 0.23373 222.3333 165.474 29.835 32.098 7.5826 
0.04666 217.18 25405.7 0.22636 227.6946 165.474 29.282 31.008 5.894 
0.04666 216.77 26061.3 0.22113 233.3213 165.474 28.696 30.3 5.5891 
0.04666 228.96 12239.1 0.60903 111.6039 165.474 92.889 116.233 25.1305 
0.04666 224.73 14518.6 0.52902 131.6954 165.474 78.168 83.987 7.4441 
0.04666 221.44 16208.6 0.48026 146.6114 165.474 69.109 73.414 6.2293 
0.04666 217.06 17796 0.45107 160.572 165.474 63.814 70.948 11.1798 
0.04666 216.51 19055.5 0.42383 171.268 165.474 60.275 68.962 14.4124 
0.04666 212.67 20082.1 0.39935 180.2389 165.474 55.099 65.477 18.8356 
0.04666 210.68 20895.6 0.37411 187.0069 165.474 56.361 59.877 6.2386 
0.04666 208.76 21446.1 0.34572 191.3862 165.474 54.091 52.996 -2.0245 
0.04666 208.76 21782.2 0.31622 194.3854 165.474 52.639 46.182 -12.2673 
0.04666 206.77 22568.9 0.30095 200.543 165.474 49.837 42.991 -13.7367 
0.04666 211.07 14583 0.66941 131.9074 165.474 138.539 172.628 24.6063 
0.04666 207.84 16586.6 0.58311 148.6548 165.474 112.291 109.496 -2.4894 
0.04666 204.94 18407 0.53427 163.3851 165.474 101.041 97.592 -3.4139 
0.04666 196.69 20067.1 0.50322 177.1598 165.474 87.62 90.806 3.6365 
0.04666 194.49 21371.7 0.47504 187.7231 165.474 79.165 84.655 6.9348 
0.04666 218.8 20812.4 0.42457 188.7849 165.474 78.637 73.645 -6.3479 
0.04666 212.47 24043.1 0.375 216.7857 165.474 65.328 64.824 -0.7719 
0.04666 207.86 25627.3 0.35947 229.8439 165.474 58.93 62.076 5.3389 
0.04666 204 26999.4 0.34358 240.8584 165.474 57.28 58.931 2.8816 
0.04666 201.05 28339.6 0.33168 251.8198 165.474 52.962 56.937 7.5066 
0.04666 190.99 17319.3 0.71515 152.901 165.474 146.739 189.875 29.3963 
0.04666 187.84 19206.8 0.63575 169.9934 165.474 127.468 149.09 16.9622 
0.04666 184.67 20971.5 0.5869 184.0071 165.474 115.695 116.673 0.8455 
0.04666 181.71 22425.6 0.5507 195.7648 165.474 103.748 106.448 2.6021 
0.04666 179.75 23659.2 0.52184 205.93 165.474 94.928 98.695 3.9678 
0.04666 209.13 22930.3 0.47484 206.7529 165.474 101.941 89.77 -11.9394 
0.04666 205.41 24642.8 0.44577 221.722 165.474 94.161 83.909 -10.8875 
0.04666 196.47 26479.8 0.42748 236.9831 165.474 86.854 80.763 -7.0132 
0.04666 192.18 28112.9 0.41107 250.2536 165.474 78.903 78.221 -0.8638 
0.04666 184.78 29618.6 0.39963 263.6567 165.474 77.15 76.231 -1.1908 
0.04666 184.28 30920.3 0.38388 273.3708 165.474 74.801 73.498 -1.741 
0.04666 180.93 32351.5 0.3733 283.9606 165.474 69.935 71.875 2.7737 
0.04666 235.22 25730 0.13563 234.6221 165.474 12.646 18.887 49.3523 
0.04666 235.22 27706.3 0.12984 252.6434 165.474 11.678 18.48 58.2556 
0.04666 232.62 26896 0.17129 244.6544 165.474 20.582 23.928 16.2574 
0.04666 230.74 28869.9 0.16323 261.1364 165.474 20.143 23.018 14.2724 
0.04666 202.3 16429.7 0.70748 149.3446 165.474 140.049 193.275 38.0047 
0.04666 200.81 18014.4 0.6251 165.5877 165.474 128.106 142.687 11.3826 
0.04666 198.11 19592.6 0.57483 179.2829 165.474 131.515 114.854 -12.6684 
0.04666 196.75 21081.6 0.53662 190.2178 165.474 118.565 104.604 -11.7752 
0.04666 194.01 22522.6 0.50917 200.9934 165.474 107.567 96.677 -10.1244 
0.04666 191.09 23797.8 0.48651 210.6278 165.474 100.565 91.288 -9.2246 
0.04666 189.43 25438.2 0.45608 225.1458 165.474 91.511 85.27 -6.8191 
0.04666 184.36 27165.7 0.43277 238.4428 165.474 84.536 80.969 -4.2189 
0.04666 184.06 28345 0.40911 248.7938 165.474 79.618 76.698 -3.6672 
0.04666 177.71 30108.7 0.39937 262.834 165.474 73.315 75.696 3.2482 
0.04666 178.91 31096 0.38057 271.3537 165.474 70.79 72.002 1.7116 
0.04666 177.62 32304 0.36822 281.1739 165.474 66.509 69.892 5.086 
0.04666 170.64 34678.4 0.35437 302.7251 165.474 60.459 67.897 12.3027 
0.04666 172.09 36393.1 0.33258 317.6942 165.474 55.572 63.55 14.3561 
0.04666 170.64 38059.3 0.31714 332.2387 165.474 54.805 60.361 10.137 
0.04666 187.15 21538.4 0.77784 196.401 165.474 198.5 216.799 9.2187 
0.04666 170.16 25048.7 0.72823 228.3296 165.474 159.052 188.885 18.7565 
0.04666 168.96 26443.6 0.6831 240.5385 165.474 151.191 173.644 14.8509 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.04666 137.3 32457.7 0.66126 291.311 165.474 103.514 137.933 33.2502 
0.04666 137.11 33306.6 0.63416 295.6373 165.474 121.821 128.427 5.4232 
0.04666 136.97 34882.1 0.60234 307.9524 165.474 113.362 115.185 1.6086 
0.04666 136.97 36149.8 0.57573 318.9138 165.474 110.245 108.944 -1.1794 
0.04666 136.96 37481.1 0.55508 330.5388 165.474 107.014 105.218 -1.6779 
0.04666 136.96 38504.3 0.53478 339.5628 165.474 105.394 102.152 -3.0761 
0.04666 136.96 39428.3 0.51629 347.7109 165.474 102.696 99.591 -3.0237 
0.04666 136.96 40286 0.49947 355.2751 165.474 98.9 96.541 -2.3853 
0.04666 136.94 42239.7 0.47458 372.2349 165.474 95.381 88.881 -6.8147 
0.04666 136.96 43948.7 0.45326 387.5756 165.474 88.866 82.668 -6.975 
0.04666 103.58 45474.4 0.43347 400.74 165.474 86.236 54.561 -36.7307 
0.04666 228.96 17029.9 0.71902 155.2896 165.474 182.429 218.729 19.898 
0.04666 217.02 19580.7 0.65234 178.4864 165.474 163.351 180.165 10.2929 
0.04666 213.07 21341.9 0.60638 193.5882 165.474 150.486 137.544 -8.6001 
0.04666 207.09 22921.3 0.57578 207.8407 165.474 140.681 124.146 -11.753 
0.04666 202.09 24314.5 0.55206 220.4742 165.474 133.922 117.53 -12.2399 
0.04666 198.47 25610.8 0.53189 231.3295 165.474 129.533 111.729 -13.7446 
0.04666 191.7 27952.9 0.51373 252.2171 165.474 116.89 107.402 -8.1163 
0.04666 188.41 29238.4 0.48605 263.6298 165.474 113.327 100.032 -11.7317 
0.04666 185.02 30849.1 0.46817 276.8737 165.474 108.66 96.691 -11.0156 
0.04666 178.82 32516.4 0.45768 291.6305 165.474 103.527 94.765 -8.4631 
0.04666 175.81 33868.8 0.44561 303.7597 165.474 100.415 92.744 -7.6393 
0.04666 172.71 35326 0.43542 315.252 165.474 97.806 91.502 -6.4454 
0.04666 169.76 37585.2 0.41496 334.5738 165.474 94.864 88.639 -6.5625 
0.04666 166.87 39702.6 0.3984 352.4093 165.474 89.663 86.371 -3.6706 
0.04666 164.02 41703.3 0.38469 369.1036 165.474 85.492 80.686 -5.6217 
0.01 42.19 3350.9 0.5 88.4643 567 13.248 17.516 32.2165 
0.01 42.19 3350.9 0.5 88.4643 567 14.065 17.516 24.5295 
0.01 42.19 3350.9 0.79 88.4643 567 24.451 31.622 29.3286 
0.01 42.19 3350.9 0.79 88.4643 567 24.042 31.622 31.5281 
0.01 42.19 4691.3 0.31 123.85 567 8.351 9.257 10.8591 
0.01 42.19 4691.3 0.31 123.85 567 8.351 9.257 10.8591 
0.01 42.19 4691.3 0.5 123.85 567 16.247 18.664 14.8725 
0.01 42.19 4691.3 0.51 123.85 567 15.567 19.128 22.88 
0.01 42.19 4691.3 0.8 123.85 567 25.596 32.504 26.988 
0.01 42.19 4691.3 0.81 123.85 567 26.141 32.342 23.7217 
0.01 42.19 6701.8 0.3 176.9285 567 9.846 9.125 -7.3258 
0.01 42.19 6701.8 0.3 176.9285 567 9.846 9.125 -7.3258 
0.01 42.19 6701.8 0.5 176.9285 567 17.894 19.839 10.8727 
0.01 42.19 6701.8 0.5 176.9285 567 17.894 19.839 10.8727 
0.01 42.19 6701.8 0.79 176.9285 567 32.821 35.908 9.405 
0.01 42.19 6701.8 0.81 176.9285 567 32.821 35.62 8.5265 
0.01 42.19 9382.6 0.3 247.6999 567 10.916 10.271 -5.9083 
0.01 42.19 9382.6 0.3 247.6999 567 10.916 10.271 -5.9083 
0.01 42.19 13403.7 0.1 353.8571 567 3.722 3.889 4.4864 
0.01 42.19 13403.7 0.11 353.8571 567 3.903 4.281 9.6881 
0.01 24.23 3670.7 0.1 88.4643 937 3.696 3.878 4.9148 
0.01 24.23 3670.7 0.1 88.4643 937 3.688 3.878 5.1404 
0.01 24.23 3670.7 0.3 88.4643 937 6.226 6.023 -3.2737 
0.01 24.23 3670.7 0.3 88.4643 937 6.655 6.023 -9.4992 
0.01 24.23 3670.7 0.5 88.4643 937 8.963 10.982 22.5304 
0.01 24.23 3670.7 0.5 88.4643 937 9.756 10.982 12.5685 
0.01 24.23 3670.7 0.79 88.4643 937 14.991 18.27 21.8708 
0.01 24.23 3670.7 0.8 88.4643 937 15.387 18.236 18.511 
0.01 24.23 5139 0.1 123.85 937 2.914 3.442 18.1094 
0.01 24.23 5139 0.11 123.85 937 3.024 3.578 18.3146 
0.01 24.23 5139 0.3 123.85 937 5.811 5.428 -6.5774 
0.01 24.23 5139 0.31 123.85 937 5.811 5.55 -4.4781 
0.01 24.23 5139 0.5 123.85 937 8.628 10.881 26.1109 
0.01 24.23 5139 0.5 123.85 937 8.628 10.881 26.1109 
0.01 24.23 5139 0.79 123.85 937 15.099 18.867 24.961 
0.01 24.23 5139 0.79 123.85 937 15.099 18.867 24.961 
0.01 24.23 7341.4 0.1 176.9285 937 2.9 3.119 7.5344 
0.01 24.23 7341.4 0.3 176.9285 937 5.777 5.424 -6.1159 
0.01 24.23 7341.4 0.3 176.9285 937 5.777 5.424 -6.1159 
0.01 24.23 7341.4 0.5 176.9285 937 10.399 11.217 7.8592 
0.01 24.23 7341.4 0.79 176.9285 937 20.233 20.389 0.7747 
0.01 24.23 7341.4 0.79 176.9285 937 17.356 20.389 17.4791 
0.01 24.23 10278 0.1 247.6999 937 2.696 2.68 -0.5813 
0.01 24.23 10278 0.3 247.6999 937 6.426 6.25 -2.7349 
0.01 24.23 10278 0.31 247.6999 937 6.74 6.43 -4.5971 
0.01 24.23 10278 0.5 247.6999 937 11.229 12.626 12.4475 
0.01 24.23 10278 0.5 247.6999 937 11.229 12.626 12.4475 
0.01 24.23 10278 0.8 247.6999 937 20.808 21.543 3.5291 
0.01 24.23 10278 0.8 247.6999 937 21.201 21.543 1.6119 
0.01 24.23 14682.9 0.1 353.8571 937 2.748 2.686 -2.2496 
0.01 24.23 14682.9 0.1 353.8571 937 2.923 2.686 -8.11 
0.01 24.23 14682.9 0.3 353.8571 937 7.221 6.429 -10.968 
0.01 17.68 3846.3 0.09 88.4643 1215 3.484 3.141 -9.8441 
0.01 17.68 3846.3 0.1 88.4643 1215 3.6 3.299 -8.3542 
0.01 17.68 3846.3 0.3 88.4643 1215 5.686 4.824 -15.1517 
0.01 17.68 3846.3 0.5 88.4643 1215 7.007 8.516 21.5409 
0.01 17.68 3846.3 0.5 88.4643 1215 7.277 8.516 17.025 
0.01 17.68 3846.3 0.77 88.4643 1215 11.202 14.03 25.246 
0.01 17.68 3846.3 0.81 88.4643 1215 11.588 13.829 19.3384 
0.01 17.68 5384.8 0.1 123.85 1215 2.735 2.871 4.9637 
0.01 17.68 5384.8 0.3 123.85 1215 5.145 4.244 -17.5161 
0.01 17.68 5384.8 0.49 123.85 1215 4.33 7.868 81.688 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.01 17.68 5384.8 0.79 123.85 1215 13.034 14.573 11.8083 
0.01 17.68 5384.8 0.8 123.85 1215 13.034 14.555 11.6669 
0.01 17.68 7692.5 0.1 176.9285 1215 2.253 2.611 15.8829 
0.01 17.68 7692.5 0.11 176.9285 1215 2.481 2.727 9.9399 
0.01 17.68 7692.5 0.3 176.9285 1215 5.076 4.492 -11.505 
0.01 17.68 7692.5 0.3 176.9285 1215 4.961 4.492 -9.4565 
0.01 17.68 7692.5 0.5 176.9285 1215 8.108 8.638 6.5411 
0.01 17.68 7692.5 0.5 176.9285 1215 8.108 8.638 6.5411 
0.01 17.68 7692.5 0.8 176.9285 1215 13.299 15.331 15.2814 
0.01 17.68 7692.5 0.8 176.9285 1215 12.839 15.331 19.406 
0.01 17.68 10769.6 0.1 247.6999 1215 2.562 2.226 -13.1082 
0.01 17.68 10769.6 0.1 247.6999 1215 2.651 2.226 -16.0324 
0.01 17.68 10769.6 0.3 247.6999 1215 5.252 4.721 -10.1083 
0.01 17.68 10769.6 0.3 247.6999 1215 5.315 4.721 -11.1862 
0.01 17.68 10769.6 0.5 247.6999 1215 8.885 9.221 3.7893 
0.01 17.68 10769.6 0.5 247.6999 1215 9.063 9.221 1.7456 
0.01 17.68 10769.6 0.79 247.6999 1215 14.021 15.281 8.9842 
0.01 17.68 10769.6 0.81 247.6999 1215 14.276 15.073 5.5773 
0.01 17.68 15385.1 0.1 353.8571 1215 2.445 2.243 -8.2589 
0.01 17.68 15385.1 0.1 353.8571 1215 2.445 2.243 -8.2589 
0.01 17.68 15385.1 0.3 353.8571 1215 5.19 4.87 -6.1601 
0.01 17.68 15385.1 0.31 353.8571 1215 5.558 5.011 -9.8541 
0.01 31.31 3717 0.49 88.4643 567 9.437 13.007 37.8317 
0.01 31.31 3717 0.51 88.4643 567 9.437 13.524 43.3072 
0.01 31.31 3717 0.8 88.4643 567 16.342 23.041 40.9934 
0.01 31.31 3717 0.8 88.4643 567 16.956 23.041 35.8895 
0.01 31.31 5203.8 0.3 123.85 567 5.748 6.537 13.7154 
0.01 31.31 5203.8 0.3 123.85 567 5.748 6.537 13.7154 
0.01 31.31 5203.8 0.51 123.85 567 12.008 13.981 16.4308 
0.01 31.31 5203.8 0.51 123.85 567 11.497 13.981 21.6055 
0.01 31.31 5203.8 0.79 123.85 567 19.842 24.012 21.0153 
0.01 31.31 5203.8 0.81 123.85 567 19.331 23.81 23.1658 
0.01 31.31 7434 0.1 176.9285 567 2.806 3.6 28.3145 
0.01 31.31 7434 0.11 176.9285 567 2.806 3.803 35.5353 
0.01 31.31 7434 0.3 176.9285 567 7.276 6.562 -9.8166 
0.01 31.31 7434 0.31 176.9285 567 6.706 6.709 0.0448 
0.01 31.31 7434 0.49 176.9285 567 11.747 13.692 16.5515 
0.01 31.31 7434 0.5 176.9285 567 11.2 14.145 26.2991 
0.01 31.31 7434 0.79 176.9285 567 22.377 26.169 16.9449 
0.01 31.31 7434 0.8 176.9285 567 22.377 26.137 16.8031 
0.01 31.31 10407.6 0.1 247.6999 567 2.798 3.169 13.2667 
0.01 31.31 10407.6 0.11 247.6999 567 2.798 3.404 21.6603 
0.01 31.31 10407.6 0.3 247.6999 567 8.077 8.024 -0.6559 
0.01 31.31 10407.6 0.3 247.6999 567 8.077 8.024 -0.6559 
0.01 31.31 10407.6 0.48 247.6999 567 14.938 15.027 0.5938 
0.01 31.31 10407.6 0.49 247.6999 567 15.216 15.406 1.2491 
0.01 31.31 14867.9 0.1 353.8571 567 3.33 3.188 -4.2497 
0.01 31.31 14867.9 0.1 353.8571 567 3.33 3.188 -4.2497 
0.01 17.21 3984.9 0.1 88.4643 937 3.219 3.245 0.8107 
0.01 17.21 3984.9 0.29 88.4643 937 5.372 4.651 -13.4233 
0.01 17.21 3984.9 0.3 88.4643 937 5.015 4.692 -6.431 
0.01 17.21 3984.9 0.49 88.4643 937 6.978 8.085 15.8556 
0.01 17.21 3984.9 0.5 88.4643 937 7.161 8.297 15.874 
0.01 17.21 3984.9 0.5 88.4643 937 7.161 8.297 15.874 
0.01 17.21 3984.9 0.79 88.4643 937 10.73 13.623 26.9642 
0.01 17.21 3984.9 0.8 88.4643 937 10.73 13.59 26.6499 
0.01 17.21 5578.8 0.1 123.85 937 2.435 2.775 13.9796 
0.01 17.21 5578.8 0.3 123.85 937 4.578 4.08 -10.8756 
0.01 17.21 5578.8 0.51 123.85 937 6.968 8.79 26.1558 
0.01 17.21 5578.8 0.8 123.85 937 11.91 14.334 20.356 
0.01 17.21 7969.8 0.11 176.9285 937 2.129 2.669 25.3786 
0.01 17.21 7969.8 0.3 176.9285 937 5.317 4.47 -15.9204 
0.01 17.21 7969.8 0.5 176.9285 937 6.923 8.525 23.1452 
0.01 17.21 7969.8 0.8 176.9285 937 11.719 14.982 27.8505 
0.01 17.21 11157.7 0.11 247.6999 937 2.072 2.298 10.9138 
0.01 17.21 11157.7 0.3 247.6999 937 4.721 4.636 -1.807 
0.01 17.21 11157.7 0.5 247.6999 937 7.684 8.982 16.892 
0.01 17.21 11157.7 0.8 247.6999 937 13.609 14.776 8.5705 
0.01 17.21 11157.7 0.8 247.6999 937 13.609 14.776 8.5705 
0.01 17.21 15939.5 0.1 353.8571 937 2.213 2.215 0.1104 
0.01 17.21 15939.5 0.27 353.8571 937 4.749 4.341 -8.5771 
0.01 17.21 15939.5 0.29 353.8571 937 5.065 4.641 -8.3751 
0.01 12.25 4153.3 0.08 88.4643 1215 2.674 2.311 -13.5894 
0.01 12.25 4153.3 0.09 88.4643 1215 2.759 2.405 -12.836 
0.01 12.25 4153.3 0.1 88.4643 1215 2.864 2.498 -12.7751 
0.01 12.25 4153.3 0.3 88.4643 1215 4.145 3.449 -16.8058 
0.01 12.25 4153.3 0.32 88.4643 1215 3.8 3.55 -6.5814 
0.01 12.25 4153.3 0.5 88.4643 1215 5.004 5.831 16.5212 
0.01 12.25 4153.3 0.51 88.4643 1215 5.004 5.999 19.8922 
0.01 12.25 4153.3 0.79 88.4643 1215 7.601 9.679 27.3368 
0.01 12.25 4153.3 0.8 88.4643 1215 7.601 9.663 27.1277 
0.01 12.25 5814.6 0.1 123.85 1215 2.058 2.113 2.6516 
0.01 12.25 5814.6 0.3 123.85 1215 3.687 3.152 -14.5192 
0.01 12.25 5814.6 0.48 123.85 1215 4.765 5.271 10.62 
0.01 12.25 5814.6 0.52 123.85 1215 4.765 5.966 25.1968 
0.01 12.25 5814.6 0.8 123.85 1215 7.655 10.166 32.796 
0.01 12.25 8306.5 0.1 176.9285 1215 1.693 1.974 16.6354 
0.01 12.25 8306.5 0.29 176.9285 1215 3.494 3.328 -4.7534 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.01 12.25 8306.5 0.79 176.9285 1215 8.62 10.057 16.6684 
0.01 12.25 8306.5 0.81 176.9285 1215 8.725 9.98 14.384 
0.01 12.25 11629.1 0.1 247.6999 1215 1.997 1.819 -8.9343 
0.01 12.25 11629.1 0.1 247.6999 1215 1.823 1.819 -0.2338 
0.01 12.25 11629.1 0.11 247.6999 1215 1.881 1.877 -0.2398 
0.01 12.25 11629.1 0.3 247.6999 1215 3.646 3.578 -1.8584 
0.01 12.25 11629.1 0.5 247.6999 1215 5.411 6.174 14.0962 
0.01 12.25 11629.1 0.5 247.6999 1215 6.27 6.174 -1.5393 
0.01 12.25 11629.1 0.73 247.6999 1215 8.256 9.522 15.3345 
0.01 12.25 11629.1 0.8 247.6999 1215 8.825 9.484 7.4697 
0.01 12.25 11629.1 0.8 247.6999 1215 8.825 9.484 7.4697 
0.01 12.25 16613 0.09 353.8571 1215 1.984 1.763 -11.1324 
0.01 12.25 16613 0.1 353.8571 1215 1.984 1.836 -7.4867 
0.01 12.25 16613 0.1 353.8571 1215 1.984 1.836 -7.4867 
0.01 12.25 16613 0.12 353.8571 1215 2.134 1.956 -8.3253 
0.01 12.25 16613 0.3 353.8571 1215 3.813 3.837 0.6206 
0.01 12.25 16363.8 0.49 348.5492 1215 6.202 6.322 1.9264 
0.01 12.25 16613 0.5 353.8571 1215 5.978 6.453 7.9507 
0.014 73.69 13917.5 0.1025 240 304.51 5.252 5.837 11.1402 
0.014 73.69 13917.5 0.3001 240 304.51 21.98 20.16 -8.2818 
0.014 73.69 13917.5 0.49997 240 304.51 48.845 39.745 -18.629 
0.014 73.69 13917.5 0.79303 240 304.51 78.661 66.196 -15.8475 
0.014 73.69 11018 0.10634 190 304.51 4.087 6.23 52.4084 
0.014 73.69 11018 0.31124 190 304.51 19.203 20.989 9.3003 
0.014 73.69 11018 0.50319 190 304.51 36.061 39.271 8.9027 
0.014 73.69 7538.6 0.09711 130 304.51 2.564 6.335 147.0958 
0.014 73.69 7538.6 0.30088 130 304.51 17.11 18.605 8.7365 
0.014 73.69 7538.6 0.5049 130 304.51 35.024 37.291 6.4727 
0.014 73.69 7538.6 0.79748 130 304.51 58.882 62.765 6.593 
0.026 1368.72 19071.9 0.10411 200 160 44.619 95.266 113.5107 
0.026 1368.72 19071.9 0.30552 200 160 182.755 198.001 8.3425 
0.026 1368.72 19071.9 0.50235 200 160 266.523 347.701 30.4579 
0.026 1368.72 19071.9 0.81002 200 160 361.148 430.739 19.2696 
0.026 1368.72 19071.9 0.90309 200 160 382.026 354.909 -7.0981 
0.036 1368.72 26407.3 0.10447 200 160 44.942 95.546 112.5981 
0.036 1368.72 26407.3 0.30664 200 160 204.546 201.672 -1.4051 
0.036 1368.72 26407.3 0.49777 200 160 321.144 341.464 6.3273 
0.036 1368.72 26407.3 0.80582 200 160 439.342 464.347 5.6913 
0.036 1368.72 26407.3 0.89301 200 160 472.538 404.634 -14.3702 
0.05 1368.72 36676.8 0.10485 200 160 31.706 95.851 202.3153 
0.05 1368.72 36676.8 0.29612 200 160 197.298 212.191 7.5486 
0.05 1368.72 36676.8 0.50524 200 160 331.577 363.875 9.7408 
0.05 1368.72 36676.8 0.80201 200 160 470.907 514.39 9.2338 
0.084 1368.72 61617 0.09915 200 160 33.318 91.434 174.4314 
0.084 1368.72 61617 0.15169 200 160 54.229 129.577 138.9451 
0.084 1368.72 61617 0.19833 200 160 82.992 100.663 21.2922 
0.084 1368.72 61617 0.26827 200 160 127.349 152.773 19.9643 
0.014 50.23 89018.9 0.08722 1000 487 6.683 7.549 12.9566 
0.014 50.23 89018.9 0.11453 1000 487 8.702 9.215 5.9039 
0.014 50.23 71215.1 0.10036 800 487 6.917 7.266 5.0423 
0.014 50.23 71215.1 0.15626 800 487 10.471 9.54 -8.8903 
0.014 50.23 40058.5 0.01146 450 487 0.525 1.312 149.909 
0.014 50.23 40058.5 0.12016 450 487 6.273 6.454 2.8732 
0.014 50.23 40058.5 0.194 450 487 12.984 11.233 -13.4862 
0.014 50.23 40058.5 0.23983 450 487 15.084 14.308 -5.1447 
0.014 50.23 20474.3 0.11508 230 487 8.781 5.501 -37.3537 
0.014 50.23 20474.3 0.23055 230 487 10.993 12.293 11.8278 
0.014 50.23 20474.3 0.32261 230 487 18.017 18.574 3.0887 
0.014 50.23 20474.3 0.409 230 487 23.371 23.269 -0.4348 
0.014 50.23 20474.3 0.51212 230 487 38.664 30.007 -22.3893 
0.014 50.23 10949.3 0.11557 123 487 1.703 4.956 191.0103 
0.014 50.23 10949.3 0.26562 123 487 13.738 12.029 -12.4412 
0.014 50.23 10949.3 0.50822 123 487 22.225 24.529 10.3675 
0.014 50.23 10949.3 0.71606 123 487 35.112 44.498 26.7328 
0.014 50.23 10949.3 0.91233 123 487 47.828 37.838 -20.8878 
0.014 27 13167.5 0.6 117.0497 915.56 16.781 24.216 44.3077 
0.014 27 25316.9 0.6 225.0495 915.56 19.495 24.454 25.4344 
0.014 27 13473.3 0.4 119.7684 915.56 10.458 10.449 -0.0869 
0.014 27 25586.1 0.4 227.4418 915.56 11.938 10.966 -8.1422 
0.014 27 48014.7 0.4 426.8161 915.56 15.453 11.026 -28.65 
0.014 27 13293.3 0.3 118.1676 915.56 7.616 7.085 -6.9652 
0.014 27 25557.5 0.3 227.1883 915.56 8.733 7.643 -12.484 
0.014 27 49184.7 0.3 437.2172 915.56 13.165 8.703 -33.8965 
0.014 27 13597 0.2 120.8673 915.56 4.277 4.89 14.3559 
0.014 27 26145.1 0.2 232.4111 915.56 5.099 5.519 8.2329 
0.014 27 51572.7 0.2 458.4448 915.56 7.758 7.257 -6.4569 
0.014 27 89832.3 0.2 798.5446 915.56 8.578 6.402 -25.3671 
0.014 27 13564.1 0.1 120.5755 915.56 2.172 2.881 32.6403 
0.014 27 25443.8 0.1 226.1768 915.56 2.501 3.188 27.4683 
0.014 27 49608.3 0.1 440.9827 915.56 4.604 4.544 -1.3059 
0.014 27 89623.7 0.1 796.691 915.56 4.472 4.485 0.2924 
0.014 27 111874.5 0.1 994.4841 915.56 4.373 5.007 14.478 
0.014 27 13381.6 0.05 118.9529 915.56 1.541 1.77 14.8739 
0.014 27 51300.2 0.05 456.0221 915.56 1.757 2.507 42.6892 
0.014 27 90341 0.05 803.0671 915.56 1.32 2.784 110.8355 
0.014 27 110020.6 0.05 978.0047 915.56 1.28 3.226 152.1295 
0.014 125.28 7748 0.1 120 188.419 13.229 17.126 29.4555 
0.014 46.15 10999 0.1 120 542.968 1.325 4.028 203.9402 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.014 166.61 13178.1 0.1 230 151.849 13.69 17.966 31.237 
0.014 50.23 20474.3 0.1 230 488.872 5.175 4.638 -10.372 
0.014 27 25873.8 0.1 230 943.717 1.788 3.211 79.5789 
0.014 10.49 38358 0.1 230 1958.408 2.838 1.785 -37.0838 
0.014 166.61 25783.2 0.1 450 141.409 12.714 10.255 -19.3386 
0.014 50.23 40058.5 0.1 450 484.111 6.212 5.247 -15.5295 
0.014 27 50622.7 0.1 450 879.937 4.262 4.603 7.9956 
0.014 10.49 75048.2 0.1 450 1961.005 2.115 1.786 -15.5217 
0.014 46.15 73326.7 0.1 800 524.9 6.968 7.135 2.4048 
0.014 27 89996 0.1 800 924.512 4.402 4.482 1.8116 
0.014 10.49 133419.1 0.1 800 1955.866 2.365 5.554 134.8673 
0.014 27 112495 0.1 1000 950.479 4.384 5.038 14.9157 
0.014 10.49 166773.9 0.1 1000 1960.897 2.193 9.563 336.022 
0.0295 10.74 342953.9 0.00373 920 11000 1.627 1.357 -16.5397 
0.0295 10.74 342953.9 0.00452 920 11000 1.929 1.433 -25.7066 
0.0295 10.74 342953.9 0.01214 920 11000 2.839 2.165 -23.73 
0.0295 10.74 342953.9 0.01995 920 11000 4.249 2.914 -31.4149 
0.0295 10.74 342953.9 0.03605 920 11000 6.456 4.459 -30.9395 
0.0295 10.74 342953.9 0.04296 920 11000 6.762 5.122 -24.2515 
0.0295 10.74 167749.2 0.01322 450 11000 2.03 2.611 28.5983 
0.0295 10.74 167749.2 0.04056 450 11000 5.652 5.943 5.1628 
0.0295 10.74 167749.2 0.0689 450 11000 11.19 8.069 -27.8914 
0.0295 10.74 167749.2 0.08609 450 11000 11.011 8.955 -18.6734 
0.0295 10.74 167749.2 0.16096 450 11000 22.836 11.535 -49.4887 
0.0295 54.79 238195.5 0.01061 920 3000 1.704 2.052 20.4436 
0.0295 54.79 238195.5 0.01261 920 3000 1.309 2.251 71.9374 
0.0295 54.79 238195.5 0.02101 920 3000 2.461 3.082 25.2497 
0.0295 54.79 238195.5 0.05195 920 3000 4.275 6.134 43.491 
0.0295 54.79 238195.5 0.07617 920 3000 7.218 8.337 15.5138 
0.0295 54.79 106152.4 0.01087 410 3000 1.427 1.816 27.2748 
0.0295 54.79 106152.4 0.02693 410 3000 3.536 3.021 -14.5691 
0.0295 54.79 106152.4 0.08715 410 3000 5.176 8.258 59.5372 
0.0295 54.79 106152.4 0.09005 410 3000 6.627 8.532 28.7481 
0.0295 54.79 106152.4 0.10217 410 3000 5.944 9.622 61.8711 
0.0295 54.79 106152.4 0.1073 410 3000 8.095 9.978 23.2588 
0.0295 54.79 106152.4 0.15718 410 3000 11.354 13.307 17.2028 
0.0295 54.79 106152.4 0.1842 410 3000 11.884 14.671 23.4483 
0.0295 54.79 106152.4 0.21266 410 3000 14.975 15.962 6.5927 
0.0295 54.79 106152.4 0.29755 410 3000 29.972 19.006 -36.5878 
0.0295 54.79 106152.4 0.33224 410 3000 26.068 19.356 -25.7478 
0.0295 25.11 252811.3 0.01252 820 5900 1.963 2.405 22.5301 
0.0295 25.11 252811.3 0.01376 820 5900 1.579 2.544 61.13 
0.0295 25.11 252811.3 0.11717 820 5900 4.956 12.925 160.7955 
0.0295 25.11 252811.3 0.1309 820 5900 4.879 13.875 184.4144 
0.0295 25.11 252811.3 0.14396 820 5900 4.878 14.778 202.9853 
0.0295 25.11 252811.3 0.17703 820 5900 7.076 16.267 129.878 
0.0295 25.11 252811.3 0.2041 820 5900 6.152 17.255 180.4942 
0.0295 25.11 252811.3 0.21084 820 5900 8.79 17.384 97.7659 
0.0295 25.11 252811.3 0.24309 820 5900 7.761 18.005 131.9776 
0.0295 25.11 123322.6 0.02588 400 5900 1.988 2.333 17.3701 
0.0295 25.11 123322.6 0.05718 400 5900 2.544 3.81 49.7788 
0.0295 25.11 123322.6 0.0949 400 5900 2.175 5.041 131.7326 
0.0295 25.11 123322.6 0.10118 400 5900 2.967 5.235 76.4547 
0.0295 25.11 123322.6 0.10789 400 5900 4.174 5.393 29.197 
0.0295 25.11 123322.6 0.12848 400 5900 5.027 5.877 16.9041 
0.0295 25.11 123322.6 0.25024 400 5900 8.509 8.13 -4.4485 
0.0295 25.11 123322.6 0.27078 400 5900 7.284 8.55 17.376 
0.0295 25.11 123322.6 0.41576 400 5900 11.414 10.532 -7.7345 
0.0295 11.05 125918 0.02945 340 10800 1.5 2.472 64.8186 
0.0295 11.05 125918 0.0481 340 10800 1.323 3.404 157.1679 
0.0295 11.05 125918 0.15083 340 10800 2.286 5.751 151.5959 
0.0295 11.05 125918 0.35021 340 10800 4.404 6.535 48.401 
0.0295 11.05 125918 0.50537 340 10800 7.847 7.458 -4.9574 
0.0295 11.05 125918 0.64074 340 10800 7.258 10.133 39.62 
0.0191 135.81 4321.8 0.38 147 197.222 112.554 83.576 -25.7458 
0.0191 128.13 4188 0.318 144 208.941 86.867 78.999 -9.0572 
0.0191 124.3 4164.7 0.239 144 215.318 88.442 67.523 -23.6519 
0.0191 150.49 4317 0.153 144 178.067 66.457 51.712 -22.1868 
0.0191 135.81 4145.4 0.205 141 197.222 84.899 63.474 -25.2364 
0.0191 128.13 4100.7 0.233 141 208.941 85.192 68.387 -19.7269 
0.0191 120.23 4053.5 0.265 141 222.503 63.613 73.283 15.201 
0.0191 144.49 4105.1 0.347 138 185.435 88.893 85.429 -3.897 
0.0191 137.92 4246 0.436 144 194.223 113.969 86.956 -23.7022 
0.0191 137.92 4246 0.457 144 194.223 117.541 87.056 -25.9355 
0.0191 145.4 4467.4 0.197 150 184.287 74.323 57.905 -22.0897 
0.0191 139.21 4430.6 0.219 150 192.44 37.318 61.719 65.3851 
0.0191 150.96 4499.6 0.271 150 177.51 85.974 72.121 -16.1129 
0.0191 155.3 4524.2 0.361 150 172.554 89.687 81.656 -8.9553 
0.0191 156.78 4532.4 0.435 150 170.926 123.177 89.089 -27.6737 
0.0191 152.87 4510.5 0.463 150 175.294 126.699 90.729 -28.3902 
0.0191 186.46 4685.9 0.261 150 143.57 96.636 58.322 -39.648 
0.0191 192.66 4809.3 0.231 153 138.895 88.357 50.66 -42.6649 
0.0191 178.17 10560.5 0.069 341 150.316 19.309 17.864 -7.4841 
0.0191 161.31 10269.3 0.105 338 166.111 29.93 21.99 -26.527 
0.0191 140.51 10149.2 0.149 343 190.67 31.253 26.108 -16.4615 
0.0191 140.94 9622.3 0.247 325 190.083 41.123 35.464 -13.7608 
0.0191 166.54 9965.7 0.094 326 160.884 33.883 21.136 -37.622 
0.0191 161.31 10178.2 0.054 335 166.111 19.583 15.168 -22.5449 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.0191 155.3 9983.4 0.13 331 172.554 30.545 25.736 -15.745 
0.0191 145.4 10215.5 0.151 343 184.287 28.066 27.423 -2.2892 
0.0191 147.68 10066.8 0.17 337 181.439 29.721 29.73 0.0289 
0.0191 141.82 9722.5 0.215 328 188.913 39.902 32.665 -18.1378 
0.0191 137.5 9665.7 0.271 328 194.82 45.856 35.817 -21.8916 
0.0191 138.78 9682.7 0.254 328 193.033 39.732 35.263 -11.247 
0.0191 161.83 10184.4 0.143 335 165.583 34.359 26.978 -21.4825 
0.0191 167.6 9978 0.129 326 159.853 30.553 25.407 -16.8434 
0.0191 176.45 10448.1 0.103 338 151.792 31.076 21.732 -30.0665 
0.0191 182.26 10513.1 0.089 338 146.913 16.6 20.269 22.1019 
0.0191 189.53 10403.6 0.077 332 141.218 24.877 19.489 -21.6607 
0.0191 155.79 11981.3 0.111 397 172.01 25.134 20.746 -17.4595 
0.0191 162.34 12259.2 0.084 403 165.055 18.809 17.114 -9.0095 
0.0191 151.91 12103.6 0.114 403 176.399 26.096 21.026 -19.4284 
0.0191 149.08 11880.4 0.122 397 179.747 25.29 22.233 -12.0908 
0.0191 144.04 11862.1 0.134 399 186.011 24.089 22.884 -5.001 
0.0191 141.82 11827.1 0.154 399 188.913 27.82 24.98 -10.206 
0.0191 135.4 11724 0.175 399 197.826 25.231 25.433 0.7995 
0.0191 127.74 11510.5 0.206 396 209.572 28.558 26.439 -7.4192 
0.0191 153.84 12102.8 0.106 402 174.194 21.063 19.934 -5.3592 
0.0191 129.71 11717.8 0.198 402 206.43 29.395 25.977 -11.6294 
0.0191 160.29 12168.5 0.07 401 167.172 22.615 15.432 -31.7601 
0.0191 155.79 12102 0.079 401 172.01 18.899 16.442 -13.0019 
0.0191 159.28 12244.6 0.07 404 168.238 14.288 15.315 7.1873 
0.0191 156.78 12207.3 0.074 404 170.926 17.061 15.741 -7.7371 
0.0191 157.77 12222.2 0.087 404 169.847 17.072 17.397 1.9011 
0.0191 151.43 11946.2 0.108 398 176.954 24.532 20.382 -16.9169 
0.0191 152.39 11960.6 0.124 398 175.846 25.31 22.56 -10.8672 
0.0191 178.75 12612.2 0.053 407 149.826 16.445 14.16 -13.8939 
0.0191 153.84 7677.1 0.21 255 174.194 45.93 38.88 -15.3488 
0.0191 174.75 8083.8 0.114 262 153.279 49.292 36.044 -26.8755 
0.0191 179.33 8217 0.096 265 149.337 32.066 33.119 3.2843 
0.0191 168.68 8029 0.085 262 158.828 21.811 28.182 29.21 
0.0191 164.95 7719.9 0.172 253 162.439 45.051 38.918 -13.6147 
0.0191 170.31 7951.8 0.14 259 157.3 45.896 39.028 -14.9638 
0.0191 163.9 8137.1 0.21 267 163.481 44.741 42.884 -4.1498 
0.0191 159.78 8097.3 0.223 267 167.704 51.638 42.512 -17.6723 
0.0191 154.32 8043.3 0.258 267 173.646 54.517 42.592 -21.8735 
0.0191 138.78 7616.2 0.366 258 193.033 63.019 43.972 -30.2242 
0.0191 144.49 7883 0.095 265 185.435 20.743 22.583 8.8704 
0.0191 154.81 7897.4 0.112 262 173.099 38.492 28.71 -25.4134 
0.0191 152.87 7788.1 0.137 259 175.294 29.494 31.112 5.4851 
0.0191 140.51 7486.2 0.171 253 190.67 39.764 29.068 -26.8977 
0.0191 131.71 7746.4 0.185 265 203.325 33.872 27.911 -17.5972 
0.0191 163.38 8253.9 0.099 271 164.005 27.295 29.114 6.664 
0.0191 167.6 8111 0.093 265 159.853 34.384 29.531 -14.1161 
0.0191 163.38 4477.2 0.257 147 164.005 87.18 66.784 -23.3951 
0.0191 157.27 4444.5 0.293 147 170.385 99.244 73.992 -25.4446 
0.0191 164.42 4025.3 0.371 132 162.959 132.694 83.279 -37.2397 
0.0191 175.31 4167.9 0.433 135 152.782 150.064 87.386 -41.7673 
0.0191 166.54 4218.6 0.356 138 160.884 127.006 80.193 -36.8593 
0.0191 149.55 4042.4 0.329 135 179.186 105.719 85.407 -19.2132 
0.0191 115.29 4109 0.212 144 231.91 43.701 60.694 38.8829 
0.0191 107.36 4143.5 0.242 147 248.735 75.098 64.747 -13.7829 
0.0191 137.92 4334.4 0.299 147 194.223 90.845 76.225 -16.0931 
0.0191 147.22 3940.7 0.338 132 182.006 104.873 84.795 -19.1453 
0.0191 133.33 4043.2 0.35 138 200.867 104.881 85.315 -18.6558 
0.0191 167.6 3764.7 0.318 123 159.853 141.408 72.745 -48.5564 
0.0191 144.04 3924.3 0.231 132 186.011 98.637 72.15 -26.8529 
0.0191 151.91 3964.4 0.199 132 176.399 70.885 67.268 -5.1025 
0.0191 156.28 4076.7 0.174 135 171.467 72.728 59.305 -18.4565 
0.0191 134.15 3959.9 0.263 135 199.646 98.364 76.064 -22.671 
0.0191 178.75 4369.3 0.557 141 149.826 143.603 114.039 -20.5876 
0.0191 164.42 7989.6 0.1 262 162.959 25.583 30.702 20.01 
0.0191 153.35 7762.7 0.136 258 174.743 36.574 30.925 -15.4454 
0.0191 174.75 7960.4 0.163 258 153.279 48.727 43.572 -10.5787 
0.0191 171.96 8304.9 0.168 270 155.783 41.243 41.081 -0.3934 
0.0191 167.07 7800.1 0.199 255 160.368 44.282 42.887 -3.151 
0.0191 162.34 7939.6 0.223 261 165.055 57.386 43.642 -23.9488 
0.0191 155.3 7781.6 0.276 258 172.554 55.199 43.595 -21.0221 
0.0191 150.49 7734.7 0.31 258 178.067 65.308 43.765 -32.9868 
0.0191 166 8371 0.19 274 161.401 46.765 40.664 -13.0462 
0.0191 158.27 8203.6 0.14 271 169.309 33.781 34.288 1.5015 
0.0191 157.77 8107.8 0.099 268 169.847 26.621 28.022 5.2616 
0.0191 160.29 8223.6 0.111 271 167.172 30.809 30.303 -1.6438 
0.0191 167.07 8014.2 0.081 262 160.368 33.82 26.759 -20.8765 
0.0191 171.96 8243.4 0.17 268 155.783 42.87 41.7 -2.7299 
0.0191 162.86 7883.6 0.219 259 164.529 57.378 43.338 -24.4688 
0.0191 156.28 7911.8 0.258 262 171.467 47.787 43.393 -9.1943 
0.0191 139.21 7797.9 0.35 264 192.44 66.27 40.411 -39.021 
0.0191 180.49 10369.4 0.08 334 148.364 26.27 19.404 -26.1354 
0.0191 172.51 10556.8 0.099 343 155.28 27.351 21.086 -22.9082 
0.0191 171.41 10359.3 0.103 337 156.287 20.535 21.771 6.0182 
0.0191 168.14 10412.9 0.112 340 159.34 28.278 22.734 -19.6035 
0.0191 161.83 10154 0.134 334 165.583 32.028 25.859 -19.2622 
0.0191 155.79 9898.9 0.161 328 172.01 37.957 29.618 -21.9698 
0.0191 148.15 9415.2 0.207 315 180.874 36.24 34.433 -4.985 
0.0191 142.26 9787.6 0.222 330 188.33 37.969 33.358 -12.1447 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.0191 133.74 10113.9 0.242 345 200.256 42.977 32.678 -23.9651 
0.0191 131.3 9728.6 0.283 333 203.943 43.693 34.695 -20.5943 
0.0191 146.31 10227.7 0.192 343 183.144 37.032 31.039 -16.183 
0.0191 154.32 10242.4 0.165 340 173.646 33.895 29.359 -13.3818 
0.0191 163.38 10355.5 0.129 340 164.005 35.321 24.938 -29.397 
0.0191 167.6 10222.9 0.121 334 159.853 31.551 24.046 -23.7857 
0.0191 170.86 10353 0.111 337 156.793 29.256 22.696 -22.4211 
0.0191 182.85 10488.5 0.079 337 146.432 29.11 19.27 -33.8044 
0.0191 191.4 10893.9 0.052 347 139.821 23.372 16.716 -28.4785 
0.0191 164.95 12205.3 0.072 400 162.439 16.916 15.846 -6.3243 
0.0191 169.77 12672.1 0.061 413 157.808 16.043 14.399 -10.2496 
0.0191 163.9 12220.8 0.085 401 163.481 19.415 17.318 -10.8014 
0.0191 155.3 11883.5 0.1 394 172.554 26.034 19.389 -25.5219 
0.0191 158.77 12388.6 0.09 409 168.773 20.543 17.615 -14.2532 
0.0191 153.84 12253.3 0.11 407 174.194 20.057 20.3 1.2122 
0.0191 145.85 12009.6 0.138 403 183.714 25.679 23.639 -7.9442 
0.0191 143.6 11884.8 0.142 400 186.589 25.69 23.86 -7.123 
0.0191 140.94 12020.4 0.148 406 190.083 28.358 23.953 -15.5318 
0.0191 136.23 11855.2 0.167 403 196.619 27.051 24.819 -8.248 
0.0191 130.5 11760.3 0.194 403 205.184 31.023 25.806 -16.8155 
0.0191 125.05 11552.5 0.222 399 214.031 30.463 27.327 -10.294 
0.0191 141.82 12034.6 0.144 406 188.913 28.507 23.584 -17.2684 
0.0191 152.87 12208.4 0.105 406 175.294 25.103 19.675 -21.6223 
0.0191 161.83 12251.7 0.085 403 165.583 19.11 17.228 -9.8521 
0.0191 165.48 12243.4 0.079 401 161.919 22.682 16.642 -26.6282 
0.0191 163.38 12091.5 0.086 397 164.005 17.48 17.561 0.4597 
0.0191 167.07 12419 0.075 406 160.368 20.17 16.064 -20.3574 
0.0191 195.86 3909.9 0.24 124 136.601 40.145 56.737 41.3319 
0.0191 186.46 3967.4 0.317 127 143.57 47.737 69.657 45.9184 
0.0191 178.17 4087.9 0.321 132 150.316 49.753 73.464 47.6584 
0.0191 169.22 4047.7 0.389 132 158.318 59.388 83.32 40.299 
0.0191 159.78 4003.2 0.466 132 167.704 71.096 89.185 25.4431 
0.0191 150.96 3959.7 0.553 132 177.51 83.05 92.088 10.8838 
0.0191 147.68 3943.1 0.58 132 181.439 90.575 93.958 3.7351 
0.0191 140.51 3905.8 0.655 132 190.67 102.379 118.547 15.7923 
0.0191 131.3 3768.8 0.787 129 203.943 129.727 132.694 2.2872 
0.0191 195.86 4067.5 0.215 129 136.601 34.625 53.667 54.9934 
0.0191 168.14 7809.7 0.128 255 159.34 15.483 34.895 125.3834 
0.0191 163.38 7675.2 0.149 252 164.005 17.682 35.59 101.2798 
0.0191 152.39 7212.4 0.181 240 175.846 21.022 32.945 56.719 
0.0191 143.6 7428 0.204 250 186.589 21.679 33.657 55.2542 
0.0191 137.5 7367.2 0.234 250 194.82 25.461 34.296 34.7017 
0.0191 134.98 7224.1 0.263 246 198.431 28.948 36.141 24.845 
0.0191 129.71 7170.6 0.298 246 206.43 32.025 36.756 14.7718 
0.0191 119.51 7150.6 0.36 249 223.828 38.763 39.462 1.8035 
0.0191 113.24 7082.9 0.394 249 236.032 43.443 41.731 -3.9408 
0.0191 171.41 7777.2 0.108 253 156.287 13.559 32.234 137.7369 
0.0191 159.28 9850.2 0.089 325 168.238 10.334 20.552 98.8744 
0.0191 155.3 9892.9 0.103 328 172.554 11.81 22.293 88.7542 
0.0191 149.55 9731.6 0.12 325 179.186 12.901 24.873 92.8047 
0.0191 140.94 9355.8 0.154 316 190.083 15.347 27.948 82.1129 
0.0191 134.57 9186.4 0.174 313 199.038 17.684 27.775 57.0625 
0.0191 129.31 9468 0.183 325 207.056 17.688 26.559 50.1501 
0.0191 125.05 9207.2 0.204 318 214.031 20.251 26.815 32.4175 
0.0191 115.98 8912.1 0.263 312 230.548 25.977 27.084 4.2623 
0.0191 109.28 8990.4 0.281 318 244.445 27.267 25.477 -6.564 
0.0191 158.27 9717.1 0.096 321 169.309 11.656 21.995 88.6985 
0.0191 148.15 11836.3 0.076 396 180.874 8.766 15.755 79.7428 
0.0191 141.38 11731.3 0.092 396 189.497 9.709 16.805 73.0869 
0.0191 134.15 11527.7 0.112 393 199.646 11.183 18.256 63.2455 
0.0191 130.1 11637 0.117 399 205.807 11.443 18 57.2981 
0.0191 125.05 11349.8 0.137 392 214.031 12.849 19.775 53.9013 
0.0191 115.98 11368.7 0.165 398 230.548 14.855 20.497 37.9734 
0.0191 106.41 10864.2 0.217 386 250.902 19.45 22.607 16.2267 
0.0191 124.68 11603.9 0.131 401 214.673 12.29 18.712 52.246 
0.0191 138.35 11653.7 0.099 395 193.627 9.754 17.229 76.6387 
0.0191 152.87 11997.9 0.065 399 175.294 7.058 14.572 106.4546 
0.0191 162.34 4015.4 0.446 132 165.055 65.145 89.101 36.773 
0.0191 155.3 3981.3 0.5 132 172.554 71.771 87.154 21.4347 
0.0191 152.39 3966.8 0.53 132 175.846 75.997 90.009 18.4379 
0.0191 150.01 3775.1 0.575 126 178.626 87.038 92.231 5.9662 
0.0191 144.04 3745.9 0.647 126 186.011 97.042 119.475 23.1163 
0.0191 135.81 3880.8 0.703 132 197.222 103.209 124.799 20.9188 
0.0191 132.52 3863 0.741 132 202.093 113.346 127.121 12.1532 
0.0191 149.08 3950.2 0.538 132 179.747 77.752 89.229 14.7603 
0.0191 162.86 4017.9 0.428 132 164.529 59.597 87.795 47.3145 
0.0191 159.78 4003.2 0.451 132 167.704 62.869 89.396 42.1945 
0.0191 137.92 7459.9 0.243 253 194.223 25.697 35.38 37.6809 
0.0191 134.98 7429.7 0.259 253 198.431 25.987 35.353 36.041 
0.0191 129.31 7166.6 0.298 246 207.056 31.485 36.594 16.227 
0.0191 123.17 7189.6 0.331 249 217.26 35.132 37.302 6.1753 
0.0191 121.69 7087.4 0.354 246 219.869 36.856 40.379 9.5606 
0.0191 118.8 6970.8 0.374 243 225.16 39.464 43.066 9.126 
0.0191 113.24 6826.9 0.428 240 236.032 45.468 50.005 9.9774 
0.0191 100.94 6948.3 0.514 249 264.203 53.764 52.912 -1.5857 
0.0191 110.91 7057.5 0.423 249 240.912 44.138 45 1.9545 
0.0191 123.17 7276.2 0.324 252 217.26 34.299 35.789 4.3447 
0.0191 131.3 9290.4 0.189 318 203.943 18.569 27.743 49.4024 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.0191 122.06 8993.8 0.236 312 219.214 22.704 28.046 23.5248 
0.0191 115.29 9245.2 0.253 324 231.91 23.476 27.162 15.7022 
0.0191 114.6 9207 0.262 323 233.278 24.271 27.244 12.2474 
0.0191 112.24 9173.6 0.274 323 238.114 25.592 26.859 4.9515 
0.0191 147.22 9553.2 0.299 320 182.006 29.299 40.257 37.4011 
0.0191 104.86 8732 0.335 311 254.544 31.971 25.901 -18.9856 
0.0191 99.19 8487.4 0.406 305 268.753 37.798 30.226 -20.032 
0.0191 109.6 8712.1 0.31 308 243.735 30.202 25.907 -14.2196 
0.0191 115.29 11214 0.168 393 231.91 14.009 20.677 47.6056 
0.0191 110.91 11224 0.182 396 240.912 14.813 20.643 39.3589 
0.0191 108.95 11190 0.192 396 245.156 15.627 20.9 33.7386 
0.0191 106.1 11140.2 0.205 396 251.627 16.508 21.246 28.6995 
0.0191 107.67 11083.1 0.2 393 248.016 17.088 21.217 24.167 
0.0191 104.24 11164 0.213 398 256.013 17.802 21.493 20.7294 
0.0191 99.48 10913.4 0.239 392 267.991 20.077 22.746 13.2896 
0.0191 95.53 11011.4 0.258 398 278.815 20.556 23.047 12.1204 
0.0191 101.53 11200.2 0.222 401 262.699 18.232 21.594 18.4427 
0.0191 106.41 11399 0.193 405 250.902 15.749 20.208 28.3066 
0.0191 178.75 3718.6 0.387 120 149.826 63.321 73.77 16.5012 
0.0191 182.85 3548 0.364 114 146.432 62.653 65.823 5.0605 
0.0191 190.15 3668.6 0.303 117 140.751 52.837 60.844 15.154 
0.0191 181.67 3636.9 0.286 117 147.396 46.402 62.185 34.0131 
0.0191 187.68 3565.7 0.256 114 142.626 42.95 56.309 31.1035 
0.0191 193.93 3682.3 0.208 117 137.974 34.594 50.126 44.8985 
0.0191 175.88 3707.1 0.35 120 152.286 52.337 70.437 34.5819 
0.0191 171.41 3504.3 0.401 114 156.287 61.299 71.366 16.4227 
0.0191 168.14 4042.7 0.34 132 159.34 49.177 79.367 61.3896 
0.0191 164.95 4027.8 0.36 132 162.439 52.649 82.269 56.2598 
0.0191 160.8 4008.1 0.429 132 166.641 63.523 88.087 38.6697 
0.0191 157.27 3991 0.493 132 170.385 74.308 88.049 18.4926 
0.0191 148.61 3588.9 0.629 120 180.31 106.434 112.475 5.6757 
0.0191 188.91 4133.8 0.243 132 141.686 40.266 60.081 49.2124 
0.0191 177.02 4454 0.298 144 151.298 44.434 68.257 53.6131 
0.0191 159.78 3548.3 0.542 117 167.704 91.239 89.851 -1.5208 
0.0191 139.21 3633.1 0.702 123 192.44 117.777 131.863 11.9604 
0.0191 123.92 3728.8 0.868 129 215.964 142.889 118.059 -17.3773 
0.0191 159.78 7369.5 0.17 243 167.704 20.634 34.5 67.1955 
0.0191 156.28 7368.3 0.17 244 171.467 22.067 33.507 51.8452 
0.0191 150.49 7674.7 0.191 256 178.067 22.045 35.929 62.9809 
0.0191 143.15 7512.7 0.228 253 187.168 26.38 36.149 37.0339 
0.0191 137.5 7367.2 0.262 250 194.82 29.183 36.823 26.1805 
0.0191 164.95 7628.3 0.147 250 162.439 17.346 35.352 103.8018 
0.0191 162.86 7792.3 0.149 256 164.529 18.699 36.44 94.8815 
0.0191 157.77 7654 0.173 253 169.847 20.181 36.208 79.4197 
0.0191 151.91 7508.4 0.201 250 176.399 23.345 36.75 57.4202 
0.0191 141.82 7143.7 0.255 241 188.913 29.688 38.61 30.053 
0.0191 139.21 7561.6 0.244 256 192.44 27.38 35.978 31.402 
0.0191 135.81 7232.5 0.283 246 197.222 31.743 38.058 19.8931 
0.0191 128.52 7333.1 0.303 252 208.311 33.563 35.68 6.3071 
0.0191 135.81 7232.5 0.273 246 197.222 30.328 37.271 22.8953 
0.0191 127.36 7320.7 0.296 252 210.204 34.878 34.639 -0.6838 
0.0191 117.03 7123.8 0.387 249 228.516 43.704 42.218 -3.4005 
0.0191 150.49 8184.4 0.172 273 178.067 19.436 35.257 81.4065 
0.0191 157.77 7623.8 0.161 252 169.847 19.193 34.697 80.7771 
0.0191 158.77 9662.5 0.107 319 168.773 12.002 23.811 98.3957 
0.0191 150.96 10019.2 0.114 334 177.51 12.256 23.448 91.3104 
0.0191 144.04 9483.8 0.145 319 186.011 15.212 27.579 81.2932 
0.0191 134.15 9357.1 0.177 319 199.646 17.671 27.683 56.6552 
0.0191 133.74 9087.8 0.188 310 200.256 19.173 28.655 49.4556 
0.0191 130.1 9653.7 0.183 331 205.807 18.535 26.674 43.9094 
0.0191 125.43 8777.8 0.226 303 213.389 24.588 28.466 15.772 
0.0191 120.96 8720.1 0.251 303 221.183 25.425 28.277 11.2168 
0.0191 137.08 9542.3 0.158 324 195.418 16.032 26.858 67.5222 
0.0191 144.94 10030.8 0.122 337 184.86 13.423 23.454 74.7343 
0.0191 162.86 9709.9 0.097 319 164.529 10.809 22.483 108.01 
0.0191 149.55 9372.3 0.133 313 179.186 14.692 27.625 88.0231 
0.0191 142.26 9550.3 0.147 322 188.33 15.902 27.24 71.2966 
0.0191 136.65 9124.7 0.173 310 196.018 18.542 28.451 53.4382 
0.0191 132.92 9604.5 0.171 328 201.479 17.502 26.609 52.0302 
0.0191 129.31 9205.8 0.198 316 207.056 20.184 27.798 37.7267 
0.0191 119.87 9137 0.228 318 223.165 22.149 26.813 21.0615 
0.0191 114.94 8727 0.275 306 232.593 26.676 26.615 -0.2319 
0.0191 146.76 12023.9 0.081 403 182.574 8.289 16.027 93.3404 
0.0191 140.94 11931.6 0.092 403 190.083 9.631 16.539 71.7371 
0.0191 134.57 11827.8 0.11 403 199.038 10.643 17.796 67.2009 
0.0191 130.1 11782.8 0.12 404 205.807 11.565 18.258 57.8732 
0.0191 128.52 11727.1 0.125 403 208.311 11.508 18.632 61.9134 
0.0191 131.3 11335.5 0.127 388 203.943 11.971 19.827 65.6227 
0.0191 126.97 11613.7 0.131 400 210.838 12.174 19.182 57.572 
0.0191 122.43 11450.3 0.146 397 218.561 135.092 20.258 -85.0045 
0.0191 116.68 11437.9 0.163 400 229.191 14.48 20.455 41.2587 
0.0191 111.57 11178.7 0.188 394 239.51 16.486 21.262 28.9754 
0.0191 151.91 12223.7 0.072 407 176.399 7.291 15.26 109.3121 
0.0191 145.85 11771.2 0.086 395 183.714 8.499 16.775 97.3795 
0.0191 137.92 11823.8 0.1 401 194.223 9.778 17.116 75.0391 
0.0191 130.1 11578.7 0.123 397 205.807 11.734 18.831 60.4777 
0.0191 123.17 11462.9 0.141 397 217.26 13.239 19.777 49.3825 
0.0191 116.68 11352.1 0.163 397 229.191 14.469 20.523 41.8437 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.0191 130.9 11767 0.111 403 204.563 10.982 17.265 57.2102 
0.0134 172.43 405014.7 0.04 4541 1000 14.012 13.09 -6.5739 
0.0134 172.43 404568.7 0.04 4536 1000 13.919 13.093 -5.9337 
0.0134 172.4 404836.3 0.067 4539 1010 22.603 17.936 -20.6491 
0.0134 172.4 404301.1 0.067 4533 1010 23.254 17.94 -22.8513 
0.0134 172.4 405995.8 0.098 4552 1010 32.777 21.246 -35.1806 
0.0134 172.4 405282.2 0.099 4544 1010 33.031 21.359 -35.3373 
0.0134 114.15 450225.8 0.022 4554 1500 6.118 6.707 9.6338 
0.0134 114.15 447457.6 0.022 4526 1500 6.287 6.711 6.7393 
0.0134 114.15 448742.8 0.042 4539 1500 10.14 11.899 17.3456 
0.0134 114.15 448347.3 0.041 4535 1500 9.554 11.641 21.8438 
0.0134 114.15 448742.8 0.069 4539 1500 15.659 16.891 7.8653 
0.0134 114.15 447754.2 0.069 4529 1510 15.703 16.895 7.5906 
0.0134 114.15 448545.1 0.099 4537 1510 20.984 21.496 2.4395 
0.0134 114.15 449138.3 0.099 4543 1510 21.021 21.493 2.2468 
0.0134 114.15 448940.5 0.129 4541 1510 24.4 23.958 -1.8092 
0.0134 114.15 448248.5 0.127 4534 1510 24.551 23.802 -3.0494 
0.0134 114.15 449039.4 0.159 4542 1500 27.303 26.023 -4.6877 
0.0134 114.15 448545.1 0.159 4537 1500 27.253 26.025 -4.5048 
0.0134 114.15 449138.3 0.174 4543 1510 27.159 26.675 -1.7817 
0.0134 114.15 447556.4 0.176 4527 1510 27.208 26.77 -1.6082 
0.0134 114.15 447556.4 0.191 4527 1500 28.894 27.423 -5.0897 
0.0134 114.15 448446.2 0.19 4536 1500 28.811 27.375 -4.9824 
0.0134 84.62 480954.8 0.019 4526 2000 4.06 4.589 13.0287 
0.0134 84.62 480636 0.021 4523 2010 4.323 4.967 14.8841 
0.0134 84.62 480954.8 0.041 4526 2010 7.118 8.744 22.8489 
0.0134 84.62 480954.8 0.041 4526 2010 6.929 8.744 26.1951 
0.0134 84.62 480317.2 0.07 4520 2000 11.719 13.111 11.8773 
0.0134 84.62 480848.5 0.07 4525 2000 11.714 13.111 11.9247 
0.0134 84.62 482655 0.097 4542 2000 14.888 16.707 12.2219 
0.0134 84.62 481486.1 0.097 4531 2000 15.122 16.709 10.4939 
0.0134 84.62 480954.8 0.131 4526 2010 17.231 19.094 10.8117 
0.0134 84.62 480742.3 0.131 4524 2010 17.072 19.094 11.8412 
0.0134 84.62 480954.8 0.157 4526 2010 17.618 20.486 16.2763 
0.0134 84.62 481273.6 0.16 4529 2000 17.804 20.561 15.4825 
0.0134 84.62 481061.1 0.178 4527 2010 17.943 21.015 17.1172 
0.0134 84.62 480210.9 0.178 4519 2010 18.05 21.016 16.4309 
0.0134 84.62 481061.1 0.204 4527 2010 19.115 21.583 12.9109 
0.0134 84.62 480317.2 0.201 4520 2000 19.201 21.575 12.3619 
0.0134 66.77 508427 0.022 4525 2500 3.283 4.08 24.2875 
0.0134 66.77 507640.4 0.023 4518 2500 3.214 4.22 31.3023 
0.0134 66.77 506966.3 0.042 4512 2510 5.643 6.88 21.928 
0.0134 66.77 507528.1 0.042 4517 2500 5.889 6.88 16.8252 
0.0134 66.77 508651.7 0.072 4527 2510 9.303 10.323 10.9667 
0.0134 66.77 508202.3 0.072 4523 2500 9.18 10.323 12.4511 
0.0134 66.77 508427 0.099 4525 2510 11.548 13.174 14.0834 
0.0134 66.77 508089.9 0.099 4522 2510 11.578 13.175 13.7865 
0.0134 66.77 508988.8 0.126 4530 2500 13.115 14.707 12.1325 
0.0134 66.77 509550.6 0.126 4535 2500 13.294 14.706 10.618 
0.0134 66.77 509438.2 0.161 4534 2510 13.469 16.251 20.6538 
0.0134 66.77 510000 0.161 4539 2500 13.341 16.251 21.8091 
0.0134 66.77 509325.8 0.178 4533 2500 13.497 16.602 23.002 
0.0134 66.77 508427 0.181 4525 2500 13.437 16.665 24.0196 
0.0134 66.77 509325.8 0.203 4533 2510 14.033 17.071 21.656 
0.0134 66.77 507977.5 0.204 4521 2500 14.132 17.079 20.854 
0.0134 172.43 538354.6 0.019 6036 1000 9.675 6.361 -34.2517 
0.0134 172.43 539335.8 0.018 6047 1000 9.484 6.076 -35.9346 
0.0134 172.43 539692.5 0.017 6051 1000 8.127 5.793 -28.719 
0.0134 172.43 540049.3 0.018 6055 1010 8.041 6.074 -24.4566 
0.0134 172.43 541476.3 0.038 6071 1000 13.933 11.704 -15.9995 
0.0134 172.43 540584.4 0.035 6061 990 13.465 10.864 -19.3185 
0.0134 114.15 597236.3 0.042 6041 1500 10.348 11.505 11.1835 
0.0134 114.15 596148.8 0.043 6030 1500 9.925 11.758 18.4722 
0.0134 114.15 597631.7 0.068 6045 1510 15.314 16.19 5.7205 
0.0134 114.15 597532.8 0.07 6044 1510 15.61 16.489 5.6304 
0.0134 114.15 597532.8 0.098 6044 1500 22.244 20.667 -7.0912 
0.0134 114.15 597928.3 0.098 6048 1500 22.135 20.665 -6.6438 
0.0134 84.62 639502 0.041 6018 2010 7.366 8.951 21.5082 
0.0134 84.62 639076.9 0.039 6014 2010 7.235 8.56 18.3129 
0.0134 84.62 642796.2 0.071 6049 2000 11.883 13.482 13.4559 
0.0134 84.62 642052.3 0.071 6042 2010 11.648 13.475 15.6861 
0.0134 84.62 644071.4 0.095 6061 2000 15.119 16.645 10.0914 
0.0134 84.62 641202.3 0.098 6034 2010 15.333 17.013 10.962 
0.0134 84.62 641627.3 0.128 6038 2010 18.506 19.108 3.2507 
0.0134 84.62 641946.1 0.127 6041 2010 18.49 19.046 3.0039 
0.0134 84.62 640883.4 0.14 6031 2000 19.585 19.885 1.5314 
0.0134 84.62 642477.4 0.139 6046 2010 19.428 19.834 2.0881 
0.0134 66.77 678202.3 0.044 6036 2510 5.792 7.544 30.2475 
0.0134 66.77 677078.6 0.039 6026 2500 5.549 6.795 22.4539 
0.0134 66.77 678988.8 0.069 6043 2500 8.918 10.446 17.1293 
0.0134 66.77 677865.2 0.068 6033 2500 8.902 10.334 16.0823 
0.0134 66.77 677977.5 0.099 6034 2500 11.351 13.605 19.8563 
0.0134 66.77 678876.4 0.099 6042 2500 11.366 13.611 19.7545 
0.0134 66.77 677303.4 0.128 6028 2510 13.641 15.263 11.8946 
0.0134 66.77 678089.9 0.131 6035 2510 13.707 15.435 12.6085 
0.003 740.75 1207.3 0.061 235.7 10.21 33.372 55.086 65.0685 
0.003 712.85 2151.6 0.038 379.2 13.86 22.162 41.813 88.6682 
0.003 683.61 3065.6 0.03 494.8 18 18.729 29.734 58.7571 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.003 631.1 5076.2 0.02 723 26.41 13.635 17.525 28.5348 
0.003 602.7 6354.2 0.017 852 31.79 11.365 14.087 23.9492 
0.003 584.29 7580.5 0.015 981.6 35.66 10.238 10.919 6.6497 
0.003 569.7 8500.8 0.014 1068.9 38.9 9.553 9.734 1.8947 
0.003 553.05 9080 0.013 1111 42.83 9.132 9.027 -1.1466 
0.003 531.84 9923.8 0.012 1169.8 48.17 9.235 8.094 -12.3572 
0.003 669.77 1674.5 0.114 260.4 20.07 96.486 97.788 1.3489 
0.003 635.01 3009.3 0.068 431.9 25.72 42.403 61.277 44.51 
0.003 600.89 3759.2 0.059 502.4 32.16 36.395 49.745 36.6808 
0.003 564.64 4839.1 0.049 603.6 40.07 30.005 41.895 39.6238 
0.003 534.36 6235.6 0.04 737.8 47.52 24.626 33.441 35.7937 
0.003 493.2 8001.3 0.033 885.7 58.97 20.522 24.632 20.0236 
0.003 473.71 9503.7 0.029 1019.8 65.17 17.905 19.303 7.8049 
0.003 478.98 10831 0.026 1128.4 71.24 16.255 16.322 0.408 
0.003 458.09 11497.5 0.025 1163.1 78.97 15.762 15.668 -0.5999 
0.003 440.04 12198.1 0.024 1201 86.21 15.175 14.952 -1.4735 
0.003 569.7 2756.4 0.131 346.6 38.9 66.093 97.867 48.0739 
0.003 541.9 3278.1 0.115 393.3 45.59 61.995 87.423 41.016 
0.003 522.82 4342 0.086 504.8 50.55 46.296 67.613 46.0457 
0.003 499.88 5228.9 0.075 585.1 56.97 40.144 58.781 46.4254 
0.003 463.09 7632.1 0.055 804 68.76 29.353 41.25 40.5311 
0.003 465.34 8344.1 0.051 853.1 76.21 26.97 37.15 37.7478 
0.003 428.06 10412.8 0.043 1008.4 91.31 23.288 27.044 16.1286 
0.003 416.24 11385.1 0.04 1083.4 96.62 21.186 24.81 17.1026 
0.003 404.47 12146.7 0.038 1135.2 102.21 20.342 23.275 14.4165 
0.003 399.19 12693.3 0.038 1178.4 104.83 20.086 22.987 14.4426 
0.003 541.9 2454.6 0.201 294.5 45.59 106.722 117.003 9.6327 
0.003 512.97 4010.2 0.128 458.9 53.24 68.235 90.995 33.3563 
0.003 463.35 5019.3 0.11 529 68.67 57.664 76.53 32.7169 
0.003 460.07 6139.5 0.093 622.9 78.21 48.81 64.832 32.8252 
0.003 431.24 7906.1 0.076 769.1 89.93 38.242 51.661 35.0901 
0.003 399.33 9347 0.067 867.9 104.76 34.04 40.368 18.5914 
0.003 385.68 10916.1 0.059 995.2 111.86 29.93 33.67 12.4963 
0.003 477.92 3068.7 0.219 331.6 63.79 122.731 117.448 -4.305 
0.003 470.93 4291.2 0.165 442.2 74.14 85.042 101.703 19.5921 
0.003 439.46 5380 0.138 529.3 86.45 68.929 84.047 21.9323 
0.003 416.7 6794.4 0.113 647 96.41 55.523 69.286 24.7872 
0.003 399.89 8355.6 0.094 776.4 104.48 45.978 57.289 24.6 
0.003 367.11 10024.2 0.082 889.3 122.34 39.196 39.484 0.734 
0.003 344.61 11177.5 0.076 957.6 136.69 36.513 36.176 -0.9215 
0.003 425.86 4300 0.218 415.1 92.28 111.726 109.624 -1.8814 
0.003 390.08 5218.9 0.189 478.7 109.52 93.68 93.958 0.2964 
0.003 361.44 6239.8 0.164 549 125.79 80.851 80.773 -0.0975 
0.003 340.38 7813.6 0.136 664.6 139.59 65.923 70.727 7.288 
0.003 321.44 9515.5 0.115 789.3 152 55.341 47.227 -14.6616 
0.003 309.29 11689.5 0.095 954 160.69 43.639 36.323 -16.7649 
0.003 299.38 12444.7 0.09 1001.1 168.28 41.642 34.065 -18.1961 
0.003 293.34 13627.5 0.083 1087.8 173.17 37.782 30.964 -18.0443 
0.003 281.08 14796.1 0.079 1162 183.72 34.713 27.241 -21.5266 
0.003 271.71 15615.9 0.075 1209.8 192.41 32.664 24.467 -25.0953 
0.003 382.12 3812.1 0.292 345.8 113.79 147.671 112.576 -23.7657 
0.003 358.78 5074.6 0.227 444.7 127.45 112.761 97.09 -13.8971 
0.003 342.68 6254.5 0.189 534.1 138 89.005 82.949 -6.8049 
0.003 330.16 7499.1 0.162 628.8 146.14 76.688 75.325 -1.7773 
0.003 316.5 8710.5 0.141 717.9 155.45 64.651 60.824 -5.9189 
0.003 297.22 9830.3 0.129 788.5 170 59.399 42.107 -29.1122 
0.003 288.49 10749.3 0.12 852.7 177.24 54.999 36.853 -32.9926 
0.003 367.68 3782 0.348 335.8 122 181.631 108.628 -40.1932 
0.003 348.51 5538.8 0.25 477.6 134.07 118.736 93.165 -21.5354 
0.003 318.86 6396.3 0.221 528.8 153.79 105.323 82.732 -21.4492 
0.0525 28.13 295543.9 0.0204 930 800 4.681 3.956 -15.4692 
0.0525 28.13 320565.6 0.0988 930 800 13.734 14.379 4.7015 
0.0525 28.13 374785.3 0.14 930 800 18.951 18.825 -0.6684 
0.0525 28.13 446165.3 0.177 930 800 22.141 23.349 5.4554 
0.0525 28.13 560586.5 0.222 930 800 27.315 31.418 15.0198 
0.0525 28.13 676374.6 0.259 930 800 32.584 33.751 3.5828 
0.0525 28.13 822616.1 0.299 930 800 36.623 35.388 -3.3735 
0.0525 28.13 985402 0.338 930 800 42.203 33.748 -20.0352 
0.0525 28.13 291823.3 0.0394 930 800 7.366 6.688 -9.1999 
0.0525 28.13 305480.1 0.0807 930 800 11.777 11.977 1.6955 
0.0525 28.13 347753.1 0.122 930 800 15.691 16.767 6.8557 
0.0525 28.13 408819.8 0.159 930 800 20.836 20.966 0.6205 
0.0525 28.13 614525.8 0.24 930 800 31.101 34.175 9.884 
0.0525 28.13 903658.3 0.319 930 800 42.642 34.707 -18.6087 
0.0525 28.13 152852.7 0.0188 480 800 2.721 2.646 -2.783 
0.0525 28.13 157013.3 0.0788 480 800 10.959 6.97 -36.4014 
0.0525 28.13 194290 0.141 480 800 17.337 14.296 -17.5444 
0.0525 28.13 233736.7 0.18 480 800 20.704 17.397 -15.9713 
0.0525 28.13 317174.6 0.24 480 800 28.329 20.844 -26.4202 
0.0525 28.13 426603.7 0.3 480 800 36.219 25.301 -30.1447 
0.0525 28.13 508594.6 0.338 480 800 42.213 29.728 -29.5773 
0.0525 28.13 662310.5 0.4 480 800 49.759 37.548 -24.5396 
0.0525 28.13 842424.8 0.463 480 800 57.797 43.017 -25.5733 
0.0525 28.13 962082.3 0.501 480 800 65.297 40.323 -38.2461 
0.0525 28.13 151903.3 0.0579 480 800 8.151 5.67 -30.4382 
0.0525 28.13 180191 0.123 480 800 14.178 11.564 -18.4356 
0.0525 28.13 211003.7 0.159 480 800 17.202 16.149 -6.1219 
0.0525 28.13 258553.1 0.2 480 800 22.247 18.711 -15.8937 








DR Re X Mass Flux  Pressure Ø2LO,exp Ø2LO,LUT Relative Error  
m -- -- -- Kg.m-2.sec-1 KPa -- -- % 
0.0525 28.13 352606.1 0.261 480 800 27.96 22.036 -21.1852 
0.0525 28.13 383569.6 0.278 480 800 30.284 22.964 -24.1694 
0.0525 28.13 475089.5 0.323 480 800 38.996 27.834 -28.6236 
0.0525 28.13 607553.1 0.379 480 800 44.893 35.559 -20.7912 
0.0525 28.13 759496.9 0.435 480 800 55.515 41.857 -24.6019 
0.0525 28.13 888693.9 0.478 480 800 58.575 41.771 -28.6879 
0.0525 15.24 252126.9 0.0399 700 1400 4.82 5.6 16.1737 
0.0525 15.24 263958 0.118 700 1400 10.978 12.806 16.6577 
0.0525 15.24 338115.2 0.204 700 1400 16.491 17.198 4.288 
0.0525 15.24 455143.7 0.279 700 1400 21.154 19.739 -6.6879 
0.0525 15.24 537521.3 0.319 700 1400 23.567 21.618 -8.2735 
0.0525 15.24 641575.7 0.362 700 1400 26.217 23.662 -9.7446 
0.0525 15.24 746904.1 0.4 700 1400 28.329 26.176 -7.5992 
0.0525 15.24 877925.7 0.442 700 1400 32.732 28.869 -11.8047 
0.0525 15.24 251803.5 0.0812 700 1400 8.231 9.806 19.1339 
0.0525 15.24 265465.9 0.121 700 1400 10.175 13.004 27.8032 
0.0525 15.24 291316.2 0.159 700 1400 13.548 15.305 12.9706 
0.0525 15.24 391310.1 0.242 700 1400 19.281 18.382 -4.6653 
0.0525 15.24 551076.3 0.325 700 1400 25.409 21.926 -13.7078 
0.0525 15.24 638973.4 0.361 700 1400 27.069 23.629 -12.7087 
0.0525 15.24 881232.3 0.443 700 1400 34.287 28.924 -15.6422 
0.0525 15.24 193548.9 0.00153 510 1400 1.064 1.174 10.4044 
0.0525 15.24 183313 0.0429 510 1400 5.938 5.561 -6.3352 
0.0525 15.24 182237.1 0.0597 510 1400 6.631 7.003 5.6132 
0.0525 15.24 183265.6 0.0796 510 1400 8.554 8.568 0.1641 
0.0525 15.24 194174.9 0.123 510 1400 11.162 12.527 12.2268 
0.0525 15.24 213488.5 0.161 510 1400 13.973 15.298 9.4882 
0.0525 15.24 225080.8 0.178 510 1400 14.541 15.933 9.571 
0.0525 15.24 258572.8 0.217 510 1400 17.511 16.988 -2.9852 
0.0525 15.24 306641.3 0.26 510 1400 19.486 17.806 -8.621 
0.0525 15.24 332981.8 0.28 510 1400 20.904 18.293 -12.493 
0.0525 15.24 357360.2 0.297 510 1400 21.678 18.821 -13.1797 
0.0525 15.24 398181.2 0.323 510 1400 23.537 19.205 -18.4049 
0.0525 15.24 508711.8 0.383 510 1400 26.619 21.025 -21.0141 
0.0525 15.24 595063.5 0.423 510 1400 30.741 22.89 -25.537 
0.0525 15.24 746269.6 0.484 510 1400 35.113 27.063 -22.9267 
0.0525 15.24 893795.7 0.536 510 1400 39.614 29.768 -24.8541 
0.0525 15.24 967670.7 0.56 510 1400 41.51 30.381 -26.8093 
0.0525 15.24 192978.2 0.00306 510 1400 1.24 1.347 8.6958 
0.0525 15.24 188099.3 0.0183 510 1400 3.512 3.011 -14.2665 
0.0525 15.24 183254.2 0.0795 510 1400 8.385 8.56 2.0915 
0.0525 15.24 193789.7 0.122 510 1400 11.353 12.424 9.4358 
0.0525 15.24 213488.5 0.161 510 1400 13.796 15.298 10.8868 
0.0525 15.24 258572.8 0.217 510 1400 17.722 16.988 -4.1419 
0.0525 15.24 282830 0.24 510 1400 17.151 17.384 1.355 
0.0525 15.24 398181.2 0.323 510 1400 23.537 19.205 -18.4049 
0.0525 15.24 461764.8 0.359 510 1400 25.769 20.15 -21.8057 
0.0525 15.24 639631.6 0.442 510 1400 31.996 23.846 -25.4717 
0.0525 15.24 784301 0.498 510 1400 37.992 28.718 -24.4088 
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